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Summary

The study is based on CTD measurements collected during Arctic cruises in Isfjorden including
Billefjorden and Gronfjorden in summer between 2011 and 2017. The purpose of this paper is to
describe the present state of fjords water masses. In the first part of the paper distributions of water
masses in Isfjorden and Billefjorden in summer 2014-2017 and in Groénfjorden in summer 2011-2017
are analyzed. In paper was shown that for Isfjorden and Gronfjorden there were 4 types of masses:
surface water, intermediate water, transformed Atlantic water, and Atlantic water. In June 2014, was
recorded the situation when Atlantic waters occupied the entire water area of Isfjord and Gronfjord. In
summer in Billefjorden were identified 4 types of masses: surface water, intermediate water, local water,
and winter water. In Isfjorden, new maximum temperature of Atlantic water was observed (6.85 °C)
in summer 2016. It is greater on almost 0.5 °C than previous warmest peak in 2006. The maximum
average values of water temperature, heat content in the upper 40 m layer were recorded in 2016. The
summer 2016 was the warmest in Isfjorden, Billefjorden and Grénfjorden during the survey period.

Hocmynuna 15 ansapsa 2018 e. IHpunama x neuamu 13 urons 2018 a.

Knrouesvie crosa: atnanTHIECKHE BOIBL, BOIHBIE Macchl, 3ananusiii Ll Innnbepren, conepxanne
MPECHBIX BOJ, TEMIOCOAEPKAHUE.

Citation: browxuna E.B., @urvuyk K.B. The present water masses conditions of West Spitsbergen fjords. Problemy
Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64 (2): 125-140. [In Russian]. doi: 10.20758/0555-
2648-2018-64-2-125-140.
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OKEAHOJIOT'MA

B nmanHHOI! cTaThe aHATH3UPYIOTCS PE3yNBTAaThl OKeaHOTPadHIECKUX CHEMOK, BBITOTHEHHBIX
B Hc-dropne, Brirogas 3anuBbl bumne-gropn u I'pén-dpopxa, B netaue mecsms! ¢ 2011 mo 2017
OcHOBHasl IIeNTb CTaThH — OMNHCAaHHE COBPEMEHHOTO cocTOosHUS Boj Mc-droprna u ero 3aimBoB.
B nepBoii 4acTH cTaThM aHATU3UPYIOTCSI 0COOCHHOCTH pacIipe/ieNieHust BOTHBIX Macc B Mc-dropre
u bunne-dropae B nerane mecspt ¢ 2014 mo 2017 1. u B I'pén-¢propae B netrHe Mecsins! ¢ 2011 mo
2017 . Ananm3 n3MepeHuit mokasa, uto st Mc-dropaa u I'pén-dropra 65u10 XapakTepHO HATHIUE
YeTBIpeX BOAHBIX MACC: MOBEPXHOCTHOM, IIPOMEXYTOUHOH, TPaHC(HOPMHPOBAHHON aTIIaHTHIECKON
u antanTHdeckoid. B urone 2014 r. Opi1a 3adukcrpoBaHa cuTyanus, Koraa Bes akBaropus Mc-gpropaa
u I'pén-¢propna Ob1a 3aHATa antanTHYecKUMH BoaMu. st brte-dpopaa 66110 XapakTepHO Takske
HaJIMYUE YETHIPEX BOIHBIX Macc: MOBEPXHOCTHON, IPOMEKYTOUHOM, JIOKaIbHOHM U 3uMHeil. B 2016 1.
0511 3a(hPUKCHPOBAH HOBBIH HCTOPHUIECKUI MAKCHMYM TEMIIEPATypPHI B CJIOE aTIaHTHIECKHUX Box B Mc-
¢dropze (6,8 °C), uto noutn Ha 0,5 °C BbIIIe MpeABIAyIIETo peKopaa, Hadmogasnrerocs B 2006 T.
Taxoxe no pesynsraram pacueTo [t 2016 . GBUTH TOMyYeHB MaKCHMaJIbHBIC CPEJJHUE 3HAUCHUS
TeMIIepaTypbl BOABL, TETLIOCOAEPKaHus B BepxHeM 40-MeTpoBoM cioe B Mc-dropae, bre-propae
u ['pén-dropae, B mesom 2016 T. cTalr caMbIM TETUTBIM JJIS OTHX 3aJIMBOB 32 UCCIIETYyEMBIi TEPUO.

BBEJIEHUE

®popnsl 3anaanoro HInundeprena pacmnonoXeHs! B 30HE aKTUBHOTO B3aUMOJICHCTBHUS
aTIIAHTUYECKHUX BOJ, HECYIIUX CBOE TEIIO U3 YMEPEHHBIX LIMPOT B MOJISPHBIE PETHOHBI,
U apKTHYECKUX BOJ, MOCTYMAIOUINX Clofia u3 bapeHriesa Mops.

Atnantudeckue Bozabl (AB) pacrpocTpaHsIOTCS BAONb apxuIesara B Buae 3amaji-
Ho-IIInuudepreHcKoro Te4eHusl, SBISIONIErocs MponobKeHneM HOpBEKCKOTo TedeHHs.
ITo pe3ynpraraM HENaBHHUX HCCIEIOBAaHUIl YCTAaHOBJIEHO, YTO MMEHHO BOJIBI 3aragHo-
nunbepreHcKoro Te4eHus MePeHOCAT OOIBIIYIO YacTh Bcero oorema AB, mocTymaromux
B ApkTHuecKkuil 6acceitH [1], v sIBISIOTCS OCHOBHBIM NEPEHOCYMKOM Teruia B [eHTpanibHyo
Apxtuky [2, 3].

ApKTHYECKHE BOJBI, XapaKTEePU3YIOMNECS MEHBIIUMHY 3HAUCHUSIMU COJICHOCTH U TEM-
neparypsbl 1o cpaBHeHUI0 ¢ AB, mocTymnaior B pailoH KOHTHHEHTaIBHOTO 1enb(a 3ana-
noro IlInunoeprena ¢ Bogamu Bocrouno-1InumnbepreHckoro Teuenus [4, 5], co3maromero
cBO€0Opa3Hblil bapbep A1 ppopaoB 3amaguoro [Inuideprena ot mPsIMOro MOCTOSIHHOTO
Bausiauss AB. Mexay AB u apkrudeckumu Bomamu (Gopmupyercs GppoHTanibHas 30Ha,
H3BECTHAS KaK apKTHYeCKui (HpoHT [6].

MarepuKoBbI€ JISAHUKH, IOJBEPKEHHBIE MPOLECCaM a0NISIMK, SIBISIOTCS OCHOBHBIM
HCTOYHHMKOM IPECHBIX BOI, MOCTYMAONMX BO (popabl [7]. YBenuueHne oobeMa UX MOCTY-
IUICHUS B JICTHUH TIEPUOJT IPUBOIKT K 00JIee yCTOWYMBOM BEPTHUKAIBHOM cTparudukarum [8].

[Ipoueccel JiefoTasiHUs MOPCKOTO JibJia OOBIYHO HAaYMHAIOTCS BO (hboplax B Mae—
HIOHE U TaKKe IPUBOAT K PaCIPEeCHEHHIO TIOBepXHOCTHOTO citod. [Iporeccs enoobpaso-
BaHUsl, B pe3yybTare KOTOPbIX pOPMHUPYETCS MIEPEOXIIaXKIeHHAs: BOIHASI Macca C BHICOKUMHU
3HAYEHHUSIMU COJICHOCTH, HAYMHAIOTCSI 00BIYHO B HOsIOpe. OTHAKO J0JIsI BIMSHUS IIPOLIECCOB
JIeJIOTasHUS 1 J1eI000pa30BaHKs Ha THIPOJIOTHUECKUN PEKUM (PbOPIOB NOCTEIIEHHO CHU-
JKaeTcs B CBSI3M C TEM, YTO B MOCJIEAHUE ToAbl Ha apxurenare [lnundepren HabmogaoTCs
QHOMAJBHO TEIIbIe 3MMBI, JEJSTHONW MOKPOB 00pa3yeTcs He KaXIbIi rof U He BO BCEX
¢dvopaax [9]. [TomrMoO STOro NPOUCXOIUT yBENUYEHHE TeMneparypbl AB, moctynaromux
K Oeperam apxwuresnara, 3aTokd AB BHYTpb (pbOPIIOB CTAHOBSATCS BCe Dojiee peryssspHbIMH,
ux o0beM yBenuuuBaercs [8, 10, 11]. DTu n3MeHeHHs 0Ka3bIBAIOT TIIyOOKOE BIMSIHUE Ha
CTPYKTYpY ¥ ()yHKLIMOHHpOBaHKE BCeil akocucteMbl Gpropaos [12, 13].

B naHHOM cTarhe aHANM3UPYIOTCS pE3YJIbTaThl OKEAaHOTPAUIECKUX ChEMOK, BBINO-
HeHHBIX B Mc-bnopae, BKiIroyast 3anuBbl buiie-¢propa u ['péH-Ppbopa, B IETHHE MECSIIbI
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E.B. BJIOLIIKHHA, K.B. DUJIBYYK

¢ 2011 nmo 2017 r. B skcneAMIUAX APKTHYECKOTO U aHTAPKTHUYECKOTO HAyYHO UCCIIEN0BA-
Tenbekoro nHeTuTyTa (AAHUWN) Ha 6a3e Poccuiickoro HaydHOTO IICHTpa Ha apXuIienare

mumnoepren (PHLLT).

C 1enpio OMUCaHMs COBPEMEHHOTO COCTOsIHUSL BoJ Mc-hpopaa u ero 3aimBoB pac-
CMaTPHUBAIOTCSI OCOOCHHOCTH paclpeAeeHus] BOJHBIX Macc 3a HCCIIEIyeMBbIi MepUo,
pazInYHbBIe XapaKTEPUCTHKU BOA (QHOPIOB, TAKHE KAaK CPEIHSSA TEMIIeparypa U COJICHOCTb,
coziep>kaHne IPECHBIX BOJ, TEIUIOCOACPKAHUE U T.1. Takke MPOBOAUTCS CPaBHEHHE ITHX
XapaKTePHCTHK C XapaKTePUCTHKAaMH, ITOJYYCHHBIMHU Ul IPYTHX (HBOPIOB 3amnajHoro

[mumdeprena 3a mocneaHUe HECKOIBKO JIeT B [14]
PAMOH UCCJENOBAHUSA

HUc-¢pwopn, I'pén-dropn n buie-gppropa pacnosnokensl Ha 3anagHoM Oepery o. 3a-

naaubiil nunbepren (puc. 1), KOTOPBIH SBJISI€TCSI KPYTHEHIINM OCTPOBOM apXuIiesara.

Hc-bropa, UMeronui mpoTsHKeHHOCTh BAOJb ocu 107 KM U OpUEHTHPOBAHHBIN

C I0T0-3aI1a/1a Ha CEBEPO-BOCTOK, SIBJISIETCS CaMBbIM OOJIBIIMM 3aiiBOM apxurenara HInun-
oepred. CuibHO u3pe3aHHas Oeperopas jauHusA Vc-pbopaa oOpa3yeT HECKOIBKO 3aIHMBOB
MeHblIero pasmepa: ['péu-¢propa u AnseHT-¢ppopy Ha tokHOU cropone; CacceH-hbop,
nepexonsiuit B Temnen-¢ropa, u buine-¢propn, 3akaHunBatonmiicst Oyxramu Mumep,
[etynbsi, Anonbda Ha ceBepo-BocToke; Hopa-dhropa, nepexoasmuii B DxmMaH-(hbopa
u JTukcoH-dprops Ha ceBepe. OTCyTCTBHE TOMOrpadrueckoro daprepa Ha Bxonue (ppopaa
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Puc. 1. Paifon uccnenosanus: I — Hc-dwopn, 2 — bumne-dropn, 3 — ['pén-dropn, 4 — Konre-
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Fig. 1. Study area: / — Isfjorden, 2 — Billefjorden, 3 — Gronfjorden, 4 — Kongsfjorden, 5 —

Hornsund
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Fig. 2. CTD stations in Isfjorden, Billefjorden and Gronfjorden (include at the map). Red points —
stations that were included in calculations, green points — stations in June 2014. Map: TopoSvalbard
© Norwegian Polar Institute http://toposvalbard.npolar.no

MIO3BOJISIET BOIHBIM MaccaM ¢ KOHTHHEHTAIBHOTO IIenbga OecrpensTCTBEHHO TPOHUKATh
B ITyOb aKBaTOPHH.

PacnonoxenHsIit B BocTouHO# yactu Mc-propna brte-ppopn — ennHCTBEHHBIN
13 paccMaTpuBaeMbIX ppopaoB B cucteMe Vc-(hpopaa mMeeT Ha BXOozie J1Ba Tonorpagude-
ckux Oapbepa — BHemHUH (70 M) 1 BHYTpeHHUH (40 M), IPENATCTBYIOIINE CBOOOTHOMY
BOZIOOOMEHY C COCEHUMH aKBaTOpUsIMH. ET0 MpOTSHKEHHOCTH cocTaBiseT okoio 30 kM
B JUIMHY ¥ 5—8 KM B MIUPUHY, CpeqHss ITyOnHa paBHa 160 M. bumre-dgropa nmeeT mromap
182 xm? (5,9 % ot Uc-dropaa) u o6sem 13 kv (3,5 % ot Uc-dvopaa) [15].

OxeaHorpaduyeckie CTaHINH, BHITIOJHEHHBIE B akBaTopuu Mc-dropna u brme-
¢bropaa, MpeACTaBICHBI HA puUC. 2.

I'pén-ppropn — cpaBHMUTENBHO HEOOMBIION (PHOP/, PACTIONOKEHHBII Ha I0KHOIH CTO-
pone Mc-hpopaa B HEMOCPEACTBEHHON OIIM30CTH OT €r0 TOPIOBHHBI. 3aIMB OPHEHTUPOBAH
B MEPHIMOHAIBHOM HAllPaBJIEHHUH, €r0 NPOTSHKEHHOCTh COCTABISET MPUMEPHO 16,5 KM.
[upuaa 1 TIydonHA (BOPAA YBEIMIUBAIOTCA C Iora (KyTOBas 4acTh) Ha ceBep (BBIXOX
B Uc-¢propn) ¢ 1,8 10 5,4 xm u ¢ 50 mo 170 M cooTrBeTcTBeHHO. [lopor B rop;ioBHHE
I'pén-dropaa oTcyTcTBYyeT, 4TO OOECTIEeYNBAET BO3MOKHOCTH CBOOOTHOTO OOMEHA ¢ BOJ-
HBIME Maccamu Mc-ppopaa. Cxema pa3MeIeHns CTaHINi OKeaHOJIOTHYECKOTO ITOJIMTOHA
PHIIII na akBatopuu 3amuBa [ péH-(popa mpencTaBieHa Ha puc. 2.
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C 2014 mo 2017 1. ObLTIH BHIIOIHEHBI TPH JIETHHE CheMKH B Mc-ppopre, BKIrodas
Bumre-propa, u omHa cheMka Tonbko B ropie Mc-dpropaa, ¢ 2011 mo 2017 1. 6UTO BEHI-
TIOJTHEHO 7 JIETHUX CheMOK B [ péH-dropre.

BOJHBIE MACCBI UC-®BbOPIA U ET'O 3AJINBOB

Jlnst BBIZIEIIEHHS BOTHBIX Macc B HCCIIELyeMbIX (PhOpIax MCIONb30BaHa Kilaccudurka-
st Cencena [16], paspaborannas um st cucteMsl propaoB Konre-propn — Kpoce-
¢Bopa, Tak ke oTHocsAmuxcs K ppopram 3amanHoro nundeprena (tadm. 1). B mans-
HelmeM npeioxkenHass CBeAceHOM KilacCU(UKaIys ObUla MCIOJIB30BaHa Ul aHAIN3a
BoIHBIX Macc B Mc-hropae B padote [15].

Tabnuya 1
Kaaccupukanus Boausix mace ¢ppopaos 3anaanoro HInuudperena
Bonnas macca XapakTepUCTUKU
Atnantryeckas (AB) Temneparypa > 3 °C,
cosieHoCTh > 34,9 %o
Apxkrrdeckas (ApB) —0,5 < Temneparypa < 1,0 °C,

34,3 < conenocts < 34,8 %o

Tpanchopmuposannas arnantudeckas (TAB) |1,0< Temneparypa < 3,0 °C,
coeHOCTE >34,7 %o

IlosepxnoctHas (I1B) Temneparypa > 1 °C,
cos1eHOCTh < 34 %o
IIpomexyrounas (IIpB) Temmeparypa > 1 °C,
34 < conenocth < 34,9 %o
JlokanesHas (JIB) —0,5 < Temmneparypa < 1,0 °C,
coeHoCTh ~ 34 %o
3umnss (3B) Temneparypa <—0,5 °C,

COJICHOCTE > 34,3 %o

[Ton AB nonumatorcst Boasl 3amaaHo-1Inundeprenckoro TeueHus. ApB nmpoHuKaeT
BO (bOPIBI ¢ KOHTHHEHTAJIBHOTO Ieab(a apxurenara. TAB obpasyercs B pe3ynbrare
cmemenns AB n ApB. ®opmuposanue [IB mpoucxoaur Bo ¢ppoprax mo3aHeil BeCHOU
U JIETOM TOJI BIMSIHUEM YBEIHMYCHUsI 00beMa MAaTEPUKOBOTO CTOKA, TassHUSI MOPCKOTO JIb/Ia
U paguanionHoro nporpesa. [IpB — pesynsrar cmerienus [1B u AB (TAB). JIB dpopmu-
pyeTCst B OCCHHE-3UMHHMI mepuo B mpotecce oxnaxaeHus [1B wiu [IpB. Ob6pa3oBanue
3B npoucxoauT B pe3ynbTaTe BBIXOJAKUBAHUSA BOJBI 10 TEMIIEPATyphl 3aMep3aHus MpH
JITAHHOMW COJIGHOCTH M BBIJICJICHHSI paccoa npu (OPMUPOBAHHH JIbJIA.

PACITPEAEJIEHUE BOJHBIX MACC B AKBATOPUU UC-®BOPIA
B JIETHHUE MECS1bI 2014-2017 rr.

B utone 2014 r. Bcs akBaropus Mc-dpopna Oblia 3aHsTa BOIHOIM Maccoii, xapakre-
pusyronieiics 3HadeHUsIMH Temnepatypsl ot 0,5 10 4,5 °C u npakTUYecKd OIUHAKOBBIMU
BO BceM (ppopre 3HaueHusimu cosieHoctu (~35,1 %o) (puc. 3a, 6, cranuuu 1-11). Takue
BBICOKHE 3HAYECHUSI COJIEHOCTH YKa3bIBAIOT Ha TO, YTO 3a(hMKCUPOBAHHAS BOJHAS Macca —
AB. UYem e Toraa 0ObsICHUTh HEOOBIMHO HU3KUE 111 AB 3HaueHus: TemMrnieparypbl B IpoMe-
JKYTOYHOM U TIPUJIOHHOM CJ1051X? BbIparkeHHast BepTHKajIbHast CTpariUKaIys 110 TEMIIEparype
MO3BOJISIET TIPEIIIONOKHUTD, 4To AB Haxomunack B Hc-(hbop/ie 10cTaTtouHo JUTTENBHOE BpeMs,
YTOOBI €€ BEPXHHUE CIION HAa4aJIM OXJIK/ATHCS B pe3yJIbTare B3auMOICHCTBUS ¢ aTMOC(epoii,
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Puc. 3. Pactipenenenne Temneparypsl (a, 8, 0,) 1 coeHocTH (6, 2, e,) Broib ocu Mc-dropraa B mrone
2014 r. (a, 0), B aBrycre 2016 1. (6, 2), B mione 2017 1. (0, e)

Fig. 3. Distribution of temperature (a, 8, 0,) and salinity (0, ¢, e,) in Isfjorden in June 2014 (a, 6), in
August 2016 (s, 2), in July 2017 (0, e)

130



E.B. BJIOLIIKHHA, K.B. DUJIBYYK

BCJIE/ICTBHE YETO 3TH OoJiee XOJOIHBIE U, COOTBETCTBEHHO, OOJiee TUIOTHBIE CIIOH CTald
onyckarbcs [17].

l'umotesy, uto AB Haxoamnaces B akBaropuu Vc-¢hpopna anmurensHOe BpeMs, MMOf-
TBEpXKIaeT CheMKa, BRIONHeHHas B anpene 2014 1. B I'pér-propne (paspe3 BOOIH OCH
I'pén-dropaa, puc. 2), mo pe3ynbraTaM KOTOPOi ObIIO 3a()MKCHPOBAHO, YTO BCS aKBATO-
pust I'pén-dpopna Obla 3aHATa BOAHOW Maccoi co 3HAYEHHSIMHU COJIEHOCTH BBIIE 35 %o
Y 3HaYEHUsIMU Temneparypsl 2,2-2,6 °C.

Xotenoch ObI OTMETHTH, YTO CUTYaIHs, Korna Gppopasl 3amaaHoro Lnmumbeprena
MIPAKTUYECKH MOIHOCTBIO 3alONHAIOTCS AB, sBiIsieTcs penkoil, HoO He yHUKanbHOU. Takue
coObITus ObUTN 3aUKCHPOBaHEI IO pe3ynsraraM n3MepeHnii B Konrc-¢ropae B ampene
2002, 2006, 2007 . [17], B neTare Mecsanbl 2014 1. [14]. OOBSICHSIIOTCS TaKHE MacCOBBIC
3atoku AB B m1y0p popaa crioxuBIeiics armocdepHoi cutyarmei [11, 18].

B centsa6pe 2015 1. OBLT BBHITOTHEH TOJIBKO ONWH paspe3 B ropie Mc-propma mo
ryounsl 128 M. Ot moBepxHOCTH 110 40—50 M 3anerana [1B co 3HaYCHUAME TeMITEpaTyphI
ot 2 1o 4,4 °C u coneroctu ot 31,4 10 34 %o. [Tox 1B pacmonaranace [IpB mo mryOuHBI
60—80 M y ceBepHOTO Oepera ¢propaa, 1o 128 M (TmocmegHU U3MEPEHHBII TOPU30HT)
y I0KHOTO Oepera. MakcuManbpHBIE 3HAUCHUSAME TeMIlepaTypsl Beime 5,5 °C Obutn 3a-
¢ukcupoBansl Ha Tiryoune 70-75 M. [ox [IpB pacmonaramace AB co 3HaYeHUSIMH TeM-
nepatypsl 4-5 °C u conenoctu 34,9-35 %o.

Tommuua [IB B aBrycte 2016 1. m3mensutace ot 25 M B ropie Mc-propna mo
40 M B BocTOYHOM yacTu propaa (ctanmus 11). 3HadeHUS TeMIepaTypsl YBEITHIHBA-
suck ot 3 °C no 7 °C, a conerHoctu yMeHbmanuch ot 34 10 31 %o ¢ 3amaga Ha BOCTOK
(puc. 38, 2, craamuu 1-11). B Uc-propae nox 1B go mryoun 100—120 M 3amerana [1pB
co 3HaueHusAMH Temneparypsl oT 1 1o 5 °C. B Uc-dropae moxa [IpB 6vu1a 3adukcupoBaHa
TAB, Temneparypa koTopoii BappupoBaiach oT 2 a0 2,5 °C. I1pu 3ToM B 3an1agHON 4acTu
pa3pesa (cranmuu 2—4) 6si1a 3adurcupoBana AB ¢ Temmeparypoit 44,3 °C 1 cOIeHOCTHIO
34,9-35,4 %o, pacnionaratomasics Ha rimryomnae 120-200 .

B utome 2017 1. B Uc-¢wopae IIB co 3naueHmsaMu temmneparypsl 3—6,5 °C u coie-
HoctH 33-34 %0 Oblna 3adukcupoBana oT moBepxHOCTH 10 rryouns! 30 M. [Tox I1B no
ryounst 40 M B paiione ropia ¢propna u a0 riryoussr 130—150 M B ocTanpHOI YacTH pas-
pe3a pacmonaranace [IpB. Ilox [1pB B 3anmanHo# 9acTu paspesa Ha riyoune 40-230 M 3a-
nerana AB co 3HaueHnsMu Temnepatypsl 3—4 °C (puc. 30, e, cranmuu 1—11). B ocTampHBIX
paiionax ¢gropaa mox [IpB 3amerana TAB. Bo Bnangunax mon TAB mo qHa pacnonaranach
JIB, octaBmiascs 37iech ¢ OCCHHE-3UMHET0 TIEepHoAa.

PACHIPEJIEJIEHUE BOJIHBIX MACC B AKBATOPUU BUJLVIE-®bOPIA
B JIETHHUE MECSIIBI 2014, 20162017 rr.

B bumne-dropae B 2014 rT. oT moBepxHOCTH A0 IIyouHsl 20-30 M pacmonarairack
[IpB ¢ MUHUMANEHBIMA 3HaUCHUSAMHE colieHOCTH 34,3 %o (puc. 3a, 6, cranmum 11-13).
B crnoe ot 20-30 o 40 m 6puta 3adukcupoBaHa AB (comeHocTs Bbie 34,9 %o), mocTy-
naromas cioga u3 Uc-¢ppopna. [lom AB 3anerana JIB ot 40 no 50 M, Hmxe 3B ¢ MuHE-
MaJIbHBIMH 3Ha4€HUSIMH Temneparypsl —1,6 °C U 3HaueHHUAMU CONEHOCTH BbIIE 34,9 %o.

Tommuna [1B B aBrycre 2016 1. B bumre-gropae cocrasuna 40 M. MakcumanbHbIe
3Ha4YeHUsI TeMIeparypsl Jocturainu 6,5—7°C, a MUHUMaJbHbIE 3HAYEHUSI COJIEHOCTU CO-
craBuim 25 %o (puc. 36, e, cranuun 11-14). IIpB pacnonaranace 1o ropuzonta 60 m. ITox
[IpB ot 60 M 10 AHA HAONIOTATUCH BOIHBIC MACCHI MECTHOTO MPOUCXOXIcHHS: JIB —
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60—75 M, Temneparypa —0,5...+1 °C, conenoctb 34,5-34,6 %o u 3B — 75 M — qHO, TeM-
neparypa —1...—0,5 °C, conenocts 34,6-34,7 %o.

Cremka B utone 2017 1. mokaszana cxoxee ¢ 2016 1. pacnpeneneHre BOIHBIX Macc
B bruimne-dropae (puc. 30, e, crannuu 11-14): TIB 3anerana oT MOBepXHOCTH 10 TTyOHHBI
30-40 M, MakcCUMaIbHBIC 3HAUYEHUs Temreparypsl 7—8 °C ObUIH 3a(UKCHPOBAHEBI B KyTe
Bunne-propaa, [IpB pacmomaranace ot 30—40 M mo nryounst 40-50 M, JIB — ot 50 mo
60 M, 3B ot 60 M o mHA (MEHHMAaNbHBIC 3Ha9eHUS Temreparypsl —1,7 °C).

PACITPEJIEJIEHAE BOJTHBIX MACC B AKBATOPHU I'PEH-®bOPIA
B JIETHUE MECSIBI 2011-2017 rr.

B asrycre 2011 1. B I'péu-dropae [1B ¢ MUHUMaNbHBIME 3HAYEHUSIMH COJICHOCTH JI0
3,7 %o B KyTeE (popsa Habmonanack 0T HOBEpXHOCTH J10 TityouH 50 M (puc. 4a, 0). Temre-
paTypa IOBEpXHOCTHOIO CJIog BapbupoBainack oT 1 10 4 °C, 4To Ha HECKOJIBKO IPagycoB
HIDKE 3HAYSHUH TeMIepaTypsl IOBEPXHOCTHOTO CJIOS, MOITYYEHHBIX B OCIEAYIOIUE TObI.
Cxopee Bcero, 3To CBsI3aHO ¢ TeM, uTo B 2011 I. B 3UMHe-BEeCEHHUH MEePHOJ HATUYECTBOBAI
0oJiee MOIITHBIN JIEASHOW OKPOB M JaKe MPUIaid, 4TO NPETATCTBOBAJIO PaAUALlHOHHOMY
IIPOTPEBY MOBEPXHOCTHBIX BOJ] 110 CPABHEHHIO C OCTANbHBIMU FOIaMU, KOTJ[a Habmoaaics
B OCHOBHOM OWTBIH JIel M aKBaTOPHs paHblle 0CBOOOXK1AIach OT JIEJSTHOTO 1okposa. [1ox
I1B no mry6unsr 90-10 M Obuta 3adukcupoBana [IpB ¢ MakcHManbHBIMU 3HAYEHHUSIMU
temneparypsl 2,5 °C. Ilox IIpB no nxa 3anerana TAB. HckitoueHne cocTaBIIN CTaHLIUY,
pacronoxeHHble B ropie ¢ppopaa: 3aech nox TAB Ha ropusonTax ot 110 M 10 aHa Oblia
3aukcupoBana AB.

B aBrycre 2012 1. o0mast KapTHHA pacrpeesieHns] BOAHBIX Macc OblIa CX0Xa C aB-
ryctom 2011 1. JTns TIB, 3aneratomieii no mryoun 30-35 M, ObUTH XapaKTepHBI 00JI€e BbI-
cokue 3HaueHus temreparypsl (ot 3 1o 9 °C). Ananornuno 2011 r. HaGmoOKANCS CHIIBHO
pacnpecHeHHBIH BepxHUH 10-MeTpOBBIN ClI0M, MUHMMaIbHbBIE 3HaUE€HHUS COJIEHOCTH CO-
craBu 27 %o (puc. 46, 2). Hiwxkuss rpanuna [IpB pacnonaranaces Ha niyoune 70-110 m.
Ion cnoem IIpB Hadmonanacs TAB co 3HaueHusiMu Temneparypsi ot 1,5 1o 2,5 °C.

B cenrsiope 2013 . B ['pén-dropae [1B ¢ MUHNMAIBHBIME 3HAYSHUSIMHU COJICHOCTH JI0
32 %o HaOmonanacky ot noBepxHoctH 10 rryouH 40-50 M (puc. 40, e). [Ipu a3ToM 3Ha4YeHHs
TeMIepaTypbl IOBEPXHOCTHOIO CJI0A BapbUpoBaKch oT 6 10 6,2 °C. IIpB 3anerana mox
I1B no ropuzontoB 90—110 M. B roxxHoi#1 yactu paspesa [IpB 3anerana no ana. [lox ITpB
obu1a 3adukcupoBana AB co 3HaYeHUsIMU Temrieparypbl 110 4,6 °C 1 ConeHOCThIO 110 35 %o.

B ntone 2014 1. B ropie ['pén-¢ropaa (puc. 2) ananornyno HMc-dpropay Bes Tonma
BOMbI ObuTa 3aHsATa AB co 3HaueHHsIMH TemrepaTypsl OT 3,5 10 5 °C U COJICHOCTHIO
~35,1 %o.

B asrycre 2015 1. B ['pén-dropae Obun 3aduKcHpoBaHbl TpH BOgHBIE Macchl: [1B,
ITpB u TAB. Hwxusis rpanuna [1B pacnonaranace Ha niyonne 60—80 M. MakcumainbHble
3HaYeHHs TeMIepaTypsl cocTaBuinu 9 °C, MUHUMAaNbHBIE 3HAYEHUs COIEHOCTH 24 %o
(puc. 5a, 6). Ilon I1B BHone Bcero paspesa Obuia 3adukcuposana [IpB ¢ MakcuManb-
HBIMU 3Ha4ueHusiMH Temreparypsl 2,5 °C. TAB HaOmionanace B ropiie ¥ LEHTPaJIbHOU
yacTi (bopra B MPUIAOHHBIX ropu3oHTax tonmuHod 10-40 m (ot 120-140 m o nHa).
Temneparypa TAB cocraBuna 2-2,5 °C, conenocts 34,7-34,8 %eo.

B aBrycre 2016 r. [1B pacnionaranace ot noBepxHocTs 10 riryonssl 2040 m. Mak-
CUMaJbHbIE 3HaYeHUs TeMIepaTypsl focturany § °C, MUHUMaJIbHbIE 3HAUCHUS COJICHOCTH
30 %o. IIpB xapakTepu3oBasiach O0Jiee BRICOKUMH 3HAYCHUSMHE TeMIiepatypsl (4,5-5,8 °C)
OTHOCHUTEJBHO TPEbIAYIINX rofoB (puc. 56, 2). Hmwxusas rpanuna [IpB Obiia 3aduxcu-
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Puc. 4. Pactipenenenue Temneparypsl (a, 8, 0) 1 COINEHOCTH (6, 2, ) BIoab ocu [ péH-dropaa B aBrycTe
2011 . (a, 0), B aBrycte 2012 1. (8, 2) u B centsa6pe 2013 1. (0, e)

Fig. 4. Distribution of temperature (a, 6, 0) and salinity (6, ¢, ) in Gronfjorden in August 2011 (a,
6), in August 2013 (s, 2) and in September 2013 (0, e)
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Puc. 5. Pactipenenenue Temneparypsi (4, 6, 0) 1 coneHocTH (0, 2, €) BIois ocu [ péH-dhpop/a B aBrycTe
2015t (a, 6), B aBrycte 2016 1. (8, 2) 1 B aBrycTe 2017 . (0, €)

Fig. 5. Distribution of temperature (a, 6, 0) and salinity (6, ¢, e) in Gronfjorden in August 2015 (a,
0), in August 2016 (s, ¢) and in August 2017 (o, e)
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poBaHa Ha TiryonHe 90—130 M, MoCcTeneHHO 3arTyOIsisich ¢ ceBepa Ha tor. [Tox [IpB mpax-
THYECKH BO BceX paiioHax (popa, 3a UCKIIOUCHHEM I0XKHOM neprdepun, Habmonanach
AB. Temneparypa AB BapsupoBanacs ot 3,9 1o 4,9 °C, conenocts ot 34,9 1o 35,1 %o.
B aBrycre 2017 1. B ['pén-dpopae ObuTH 3aMKCHPOBaHBI YeTHIPE BOXHBIE Macch: 1B,
[IpB, TAB u AB. 1B Habironanack oT HoBepXHOCTH 10 TiryonH 2025 M (puc. 50, e). [Ipu
STOM 3HAUEHUs TEMIIEpaTyphl MOBEPXHOCTHOTO Ci0si BappupoBaiuch ot 5 1o 9 °C. Iox
1B 3anerana IIpB 1o 80 M B ceBepHOIi yacTu pa3pe3a U 10 1HA B LEHTPAIBHOU U FOXKHOU
yactsax paspesa. [log [IpB B ceBepHoit yactu paspeza ot 80 qo 110 M u Ha cranuuu 9 or
80 M mo mHa Opina 3adurcupoBana TAB. ImyGxe 120 M 1 10 1HA Ha cTaHIWAX 1—7 ObLIa
3a¢ukcupoBana AB co 3HaueHnsMu Temneparypsl 10 3,5 °C u coneroctsio 110 35,1 %eo.

MEXI'OJOBASI UBMEHUYNBOCTb XAPAKTEPUCTHUK BOJ ®bOPIOB

JIJIst OLICHKU MEXTOIOBON M3MEHUYMBOCTH JUTSl KAXKIOTO U3 (hBOPIOB OBUIM paccyu-
TaHBI CICIYIOIIUC XapPAKTCPUCTHKH:
— CpenHss TeMIepatypa 1 conenocTs gropna (7, u S );
— cpenHee coaepkaHue npecHbIX Boj (FCW). Pacder comepaHusi IPECHBIX BOA
MIPOU3BOIUIICS IS KAXKIOTO BEPTHKAIBHOTO MPOQIIIS MO Cleayroei hopmyre:
=S =S
FCW =3 ——, (1)
Zy ref
e S’_ef— pedepencHas CONEHOCTh, S — U3MEPEHHAsS COJIEHOCTb, Z, — NEPBBIA TOPHU3OHT,
z — TIOCIIEAHUIA TOPHU30HT. B kadecTBe ped)epeHCHON CONEHOCTH OBUIO B3STO 3HAUCHHUE
34,2 %o, momyuenHoe s ogHOro u3 ¢propaos 3amagHoro Inunbeprena (XopHCYHH) Ha
OCHOBE M3MEPEHHM, BBITIOTHEHHBIX B anpenie 2012 u mae 2011 u 2013 tr. [14]. TTocne
pacdera comepKaHus MPECHBIX BOJ TSI KaXI0TO M3MEPEHHOTO MPOQHIIs OBIIIO TOIYyIEeHO
cpenHee coepKaHne MPECHBIX BOI s (hpopaa;
— Temoconepxanue (Q). PacueT mpou3BoauiIcs ISl KaXKI0TO BEPTUKAIBHO MPOGUIIS
o creayromeit hopmye:

0=0Cpt-t)V, 2

e t— Temneparypa Bofibl, t, — Temrieparypa 3aMep3aHus BOJIbI IPH JIaHHOM coreHocTtH; C—
yaenbHast TEII0eMKoCThb Bojibl, JH/(kr-°C); p — IIOTHOCTH BOpL, Kr/M%; V — 00bem, M3, Pacyer
TEITOCOEPIKAHIIS BBIOHSIICS 1S BepXHEro 40-MeTpoBoro ciiost. BIOOp TOMIIMHBI CII0S IS
pacuera Teroconepykanusi 00yCIOBICH TEM, YTO M3MEPEHHs BO (PhOpAax B MOBTOPSIFOIIMXCSI
TOYKAX TPOU3BOMMIMCEH KAKJIBIH TOJT IO Pa3HBIX TOPU3OHTOB, a He J10 jHa. [lostomy BO m3be-
JKaHue HeraBHJ'I]:HOﬁ HHTCpHIPETANN PE3YIILTATOB PACYCTOB U IMOITYUCHHA HCBEPHLIX BHIBO/I0B
TPH aHAJTU3€ MEXXTOIOBOM M3MEHUYHUBOCTH TEILIOCOIEP KAHMs ObUT BBIOpaH citoi 40 M, Tak Kak
M3MEPEHHS IO ATOTO TOPU30HTA MPOBOIMINCH eXeroHo. [loce pacuera TermioconepKaHust
JUTSI KaXKJIOT0 M3MEPEHHOTO MPOdIIs ObLIO MOMYYCHO CPEIHEE TEIUIOCOISPKaHke st (hpopa.

,Hﬂﬂ pacyeTa BbILICTICPCUNCICHHBIX XapaKTCPUCTUK U3 MCXOAHBIX JaHHBIX 6])1.]'11/1
NoJtyueHbl Npoduin ¢ BEpTUKAJIBHBIM pa3pelieHreM | M. Boruucinenus: npou3BoauiInch
TOJIBKO AJ1A CTaHLIHﬁ, HU3MEPCHUA Ha KOTOPLIX BBIINOJHAJINCH B TCUCHHUE BCEIO IEpuoga
uccnenosanuii: it Uc-dropaa u buse-dpropma B 2014, 20162017 rr., st ['péu-dropaa
B 20112013, 2015-2017 rr.

Takke 1O pe3yibTaTaM U3MEPEHHi ObLTO OMPEAETIeHO MaKCHMAaJIbHOE 3HAYCHHUE
temneparypel (T' ) u conenoctu (S_ ) cinos AB, 3apukcuposanHoe Bo Gbope B TOT
NI UHOU T'OAd.
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Tabnuya 2

XapakTepuCTHKH BOJ (pbLOPIOB B JeTHee BpeMsi

Tomer T,°C |S,% |FCW,m| O, Mllx |T AB,°C| S AB,%0 | AT,°C | A4S, %o
Hc-dropa

2014 2,95 35,07 0,00 946,25 5,21 35,14 -0,42 0,34

2016 4,21 |34,57| 0,84 1280,29 6,85 35,37 0,84 -0,16

2017 2,94 (34,54 0,51 1120,79 4,65 35,08 -0,43 | -0,18

Cpenuee| 3,37 |34,73| 0,45 1115,78 - - - -
bunne-¢ropa

2014 1,73 {3491 | 0,00 729,73 4,13 35,10 -1,63 0,18
2016 3,62 |[33,18] 221 1214,34 - - 0,26 -1,54
2017 2,96 [33,82( 1,22 1089,88 - - -0,40 | -0,91
Cpennee| 2,77 |33,97| 1,14 1011,32 - - - -
I'péu-dropn
2011 2,09 [32,72 | 3,20 597,37 3,50 35,06 2,11 -1,00
2012 3,04 |[34,00| 0,69 939,63 - - -1,16 0,27
2013 5,76 33,84 | 1,13 1312,56 4,94 35,02 1,57 0,11
2015 433 (3344 1,72 1166,40 - - 0,13 -0,29
2016 5,59 (3420 042 1322,42 5,50 35,17 1,40 0,47
2017 4,36 |34,17| 0,53 1171,91 3,75 35,10 0,17 0,44

Cpemnee| 4,19 |33,73| 1,28 1085,05 - - - -

Iocne pacuera cpeneit Temeparypbl pbopa 3a IEPHO] UCCIACIOBAHUS OBLIH TTOJTY-
yeHsl aHomanuu Temneparypsl (AT, °C) u coneHoctH (AS, %0) AB dpopaa s kakaoro
roza (aHOMaJIMsl TeMIIepaTyphl (COJICHOCTH) PACCUMTHIBANIACH KaK Pa3HHULIA MEXKLYy CPEAHUM
3HAYEHUEM TEeMIIepaTypbl (COJIEHOCTH) BOJBI 332 BECh UCCIEAYEMBIN MEPHOJ U CPEITHUM
3HAYEHUEM TEMIIEpaTyphl (COIICHOCTH) BOJBI 38 KOHKPETHBIH TOp).

Pesynbrarhel pacyera XapakTepHCTHK IPEICTaBIEHBI B Ta0I. 2.

Kak BuzHO U3 Ta0n. 2, cpenusis Temneparypa Bonsl B Mc-pbopae 3a nepuos uccie-
nmoBaHus cocraBmwia 3,37 °C. MakcuMainbHOE 3HaYCHHE CpefHei Temmepatypsl (4,21 °C)
n teroconepxanus (1280,29 MIx) dpopaa O6vi10 3adukcuposano B 2016 . Takxe
uMeHHO B 2016 1. ObIIO 3a(KCHPOBAHO MAKCUMAIILHOE 3HAYCHUE TemIiepaTypsl (6,85 °C)
u costeHocTH (35,37 %o) citost AB. D10 npeBbiniaeT 3aQMKCUPOBAHHBIN paHee UCTOpUUe-
ckuit MmakcumyMm Temneparypbl AB B 2006 1. [19] moutu Ha 0,5 °C. Ob6pamaer Ha ceds
BHUMaHue 2014 1., KOr/Ia comepKaHue MPECHBIX BOJ BO (pop/e ObL10 paBHO 0 M, a Cpe/IHss
coneHoCcTh cocraBmita 35,07%o. Takast xe BbICOKas cpefHsist coeHocTh 35,00 %o Obuia
3aukcupoBaHa u B apyroM ¢ropae 3amagnoro IlInunoeprena — Konrc-dnopne no
pesynbTaram cbeMku B aBrycte 2014 r. [14]. IIpu 3T0oM 3HaYeHUe cpefHell TeMepaTypbl
Boj Konrc-dropaa (4,54 °C) ObUI0 3HaUMTENBHO BBIIIE 3HAYCHUS CPEAHEH TeMIepaTypsl
Box Mc-dropaa (2,95 °C). Umenno B 2014 r. Obun 3aMKCUPOBaHBI MHHUMAJIbHBIC 3HA-
4yeHust 00beMa IPECHBIX BoA He ToiibKo B Mc-¢propae, Ho u B Konrc-¢ropae, u Bo dbopae
XopacyHH 3a niepuoa ¢ 2001 no 2015 . [14].

OCoOeHHOCTH paclpeieeHus XapakTepucTHK Boj bunte-dpopaa cxoxu ¢ Mc-
(GbBOpIOM: MaKCHUMAaJIbHOE 3HAYCHHE cpeaHei Temmeparypsl (3,62 °C) u Terioconep-
s)kaHus BepxHero 40-merpoBoro ciost (1214,34 M]Ix) Obuto 3adukcupoano B 2016 r.
MakcumallbHOE 3HaYeHHE CpeHEl COJEHOCTH BOA (bOp/a M MUHMMAJIBHOE 3HAUCHHE
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coJiep KaHuUs MIPECHBIX BOI HaOmMronanoch Toxke B mrone 2014 r. Cinoit AB Obi1 3adynkcu-
poBaH Tonbko B 2014 1. B memom Bomel buimie-¢popaa xapakrepu3oBainch MEHBITUME
3HaYEHMAMH CpeHEH TeMIIepaTyphl M COICHOCTH U TEIIOCOIeP)KaHus U Ooee BEICOKUMHA
3HAUEHUSIMH COAEP>KaHUS MPECHBIX BOJ.

Hawnbonee mmrensable HabmoneHus Opun BoImonHeHH! B [péH-dropae. Kak n s
OCTaJILHBIX (PHOPIOB, MAaKCUMAIIbHBIE 3HAYCHHUS CPEAHUX CONeHOCTH (34,2 %o) 1 Termnoco-
nepsxanust ObH 3adukcrpoBadbl B 2016 . MakcuManbHOE e 3HaUCHHE CPeIHEH TeMIre-
parypsl Box ppopaa Hadmromaiock B 2013 1. (5,76 °C) u 6muskoe k Hemy B 2016 1 (5,6 °C).
Hawnboree X0MoqHBIM TOIOM ¢ MUTHIMAITBHBIMU 3HAYCHUSMHU CpPEIHeH coneHocTH (32,72 %o)
1 ¢ MAKCHMAJTGHBIMA 3HAYCHUSIMH OTPHUIIATEIFHBIX aHOMaIiA Temrreparypsl (—2,11 °C) u co-
nerocty (—1,00 %o) ot cpemHero 3a nepuon HabmoneHuit seisuics 2011 . AB 6pumn 3aduk-
cuposansl B 2011, 2013, 2016 u 2017 rr. MakcumanbHbIe 3Ha9eHUs Temrreparypsl (5,5 °C)
u conenoctH (35,17 %o) cnost AB nabGmonanuce, kak u B Mc-dropae, B 2016 1. Ipu sTom
MaKcHMallbHOE 3Ha4eHue Temreparypsl B cioe AB (5,5 °C), 3apuxcupoBannoe B 2016 1.,
ke noutw Ha (0,5 °C ucropudeckoro MakcuMmyma, Haomromasimerocst B 2006 . [19].

B nemom g ['pén-dropaa B 2016 u 2017 1. XapakTepHBI 00Jiee BEICOKHE 3HAYCHUS
CpenHel TeMIeparyphl ¥ TEIUIOCOAep KaHNs 1 OoJiee HU3KHE 3HAUYSHHs CPEIHEeH COJIEHOCTH
o cpaBHeHuio ¢ HMc-propaom.

3AK/IIOYEHUE

Just Uc-¢pvopna B netnuit nepuog 2015-2017 T XapakTepHBIM SBISUIOCH HAJIH-
4re 4eThlpex BOAHBIX Macc: IIB, pacnonararomieiicss Ha NTyOMHAX OT MOBEPXHOCTH 1O
3040 m, [IpB, 3aneratouieit nox [1B, TAB u AB.

Pacnipenencane TAB u AB B akBaTopuu (hpopa UMENO CIOKHYIO CTPYKTYPY, a HX
00BbeM XapaKTepHu30BaJcs 3HAUMTEIFHON MEXT0I0BO M3MEHUMBOCTHI0. AB yarne Bcero
OblIa IIPE/ACTaBICHA B BU/E OIHOTO WJIM HECKOJIBKUX «SI3BIKOB», MAKCUMAJIbHBIH 00BbEM
AB nHabmonascs B OCHOBHOM BOIH3M ropia Hc-¢propra.

B urone 2014 r. Obuta 3aUKCUpOBaHA CHUTYaIWs, KOTHa BCsS aKkBaTopus ¢Gpopra
Obuta 3ansTa AB. Cxoxas ¢ Mc-dpopnom cutyanust Habmonanacek 1 B Jpyrux ¢ppopaax
3ananHoro HImunoeprena — Konrc-¢ropae u ¢ppopae XopHCYHH — B JISTHHE MECSILIBI
2014 r. [14]. ImenHo 2014 1. cTan caMbIM «cOleHBIM» JUIst ppopaoB 3anaguoro Lmum-
6eprena: i Mc-dropaa u brure-dropaa 3a 2014-2017 rr, nuist Konre-¢ropaa u dpropra
XopHcyHH 3a 2001-2015 rr

Jns bunne-propaa B setane mMecsans 2016-2017 rr. ObII0 XapakTepHO HAJIWUHE
geTsipeX BogHbIX Macc: [1B, [TpB, JIB u 3B. 3B 3anmmMana oty Bog ot mryouHBI 60 M 110
nHa. Han nelt pacnionaranace JIB B cioe ot 40-50 M 1o 60 M. B 2014 1. u3-3a cl1oXuB-
mieiics ruapornormdeckoit curyarnuu B Mc-¢ppopae orcyrcTBoBana [1B. B moBepxHOCTHOM
cioe Obuta 3aukcuposana IIpB, mox weit AB. 3B u JIB xapakrepn3oBainch BHICOKUMHA
3HAUEHUSIMH COJICHOCTH I10 CPAaBHEHHUIO C OCTaIbHBIMU rofgaMu (B cpexHeM Ha 0,2 %o),
YTO TAK)KE CBA3AHO C OCOOCHHOCTSIMH THAPOIOTHUECKOH cutyarmu B Mc-dropre. Munu-
MaJlbHble 3HadeHus temrneparypsl 3B (—1,8 °C) 6bun 3adukcuposanst B urone 2017 r.,
MaKcUMaJibHbIe 3HaueHus coneHocTH B 2016 1. (34,98 %o).

Juns I'pén-dropna B neranit mepron 2011-2013 n 2015-2017 rr. 6pU10 XapakTepHO
Hanuuue yeTelpex BoaHblx macc: I1B, [IpB, TAB u AB. MuHuMmanbHble 3HaYEHUSI CO-
nenoctu [IB — 3,7 %o — Obim 3apeructpupoBansl B arycte 2011 1., MakcuMaibHbIC
3HaueHus temmneparypsl [IB — 9,2 °C — B mrone 2017 r. B obmem, s I'pén-propaa
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XapaKTepHa 3HaYNTeIbHasi MEKI010Basi HK3MEHYMBOCTh 00bEeMa Pa3IMIHBIX BOAHBIX MACC,
MPUCYTCTBYIOIINX BO (bOp7e.

B 2016 1. 6p11 32 KCHPOBAH HOBBIH HCTOPUIECKUI MAKCHMYM TEMIIEPaTypPHI B CJI0€
AB B Uc-dpropae (6,8 °C), aro mouru Ha 0,5 °C BBIIIE TpEnBIAYIIEro peKopaa, Habmonas-
merocs B 2006 1. [19]. Taxxe B 2016 1. Ob1TH 3a(h)MKCHPOBAHBI MAKCHMAITEHBIC CPETHIC
3Ha4YEHHS TEMIIEPaTyphl U TEIIIOCcoAepKaHus B BepxHeM 40-meTpoBoM cioe B Mc-dropre,
Bune-propae u ['p€H-hpopae 3a uccueryeMsIil Iepruo.

Baarogapuoctu. Co0p mMarepuana OCyIIeCTBICH B pamKkax skcreaurnuit «muir-
6epren-2011» — «IlInudepren-2017» Poccuiickoit HaydHOH apKTUYIECKON IKCIETUIIH
Ha apxwumnenare Inumnbepren (PAD-11I) AAHNUN. ABTOpHI CUUTAIOT CBOUM IPUATHBIM
JIOJITOM BBIPA3UTh OJIArOAPHOCTH OTAEITY KOOPAWHALMK W MJIAHUPOBAHHS HAYYHBIX HC-
cnenoBanuii PAD-III 3a mocTossHHOE BHUMaHKE K paboTe U Ka9eCTBEHHYIO OPraHU3aIHIo
AKCTIETUIINIA, & TAKXKe COTPYTHUKAM 3UMOBOYHOTO cocTaBa PAD-III B mocenke bapernOypr
3a OKa3aHHOE COACHCTBHE MPU BHITIOIHEHUH TONEBBIX HCCIICAOBAaHHM.
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Summary

We present a case study of the dayside aurora observed simultaneously with optical instruments
from the ground and with auroral particle spectrometers aboard the DMSP F16 and F17 satellites.
Optical observations were carried out with an all-sky camera at the Polar Geophysical Institute (PGI)
observatory Barentsburg on Svalbard. The aurora as a whole moved equatorward in response to
negative turning of the IMF Bz component and then the distinct faint rayed arc intensified, moved to
the north and faded. Satellite DMSP F17 crossed the cusp twenty minutes after Bz turned southward.
Joint analysis of optical and satellite data showed that faint auroral structures are embedded into the
cusp precipitations and correspond to the bursts of electron precipitations with energy below 100 eV.
The next satellite crossed the camera field-of-view ten minutes later and the data showed that the source
of'the faded poleward moving rayed arc was located, most probably, on the non-closed magnetic field
lines. This finding and the presence of ion-energy dispersion in the DMSP data allows us to make
the conclusion that the dayside reconnection may be considered as the reason for this kind of aurora
activity. In this study we also estimated the altitude and horizontal scale of auroral rays in the cusp.
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Hccnenosan penkuii citydaii 0JHOBpPEMEHHOM perucTpaliy JHEBHBIX NOJISIPHBIX CUSIHUM Ha3eMHON
ONTHYECKOH armaparypoii ¥ JeTeKTOPOM BBICHIatonmxcs yacTui Ha crryTHukax DMSPF16 nF17. Onu-
YeCKHe M3MEpEHNs IIPOBOMIIMCEH KaMepo#t MOoIHOTro 0030pa Heba [1omsipHoro reou3maeckoro HHCTUTYTa,
ycTaHOBIIEHHOH B obcepBaropry bapenrOypr Ha apx. [lImumGepren. Ciemys pa3BopoTy BepTHUKAILHON
KOMITOHEHTHI MEKIUTaHETHOTO MarHuTHoro 1onst (Bz-xkommonentst MMII) B 06macTs oTpHIATeNbHBIX
3HaYeHUH, CHCcTeMa CIAa0BIX JTyIHCTBIX IyT CMECTHIIACH K 0Ty, ITOCTIe Yero OffHA U3 TyT Hadasa apeiidoBarsh
o0OparHo K nommocy 1 nponaia. Crytaunk DMSP F17 nepecek kactt CITycTst iBaIiaTh MUHYT IOCIIE Pa3BOpOTa
Bz-xommoneHTs1. COBMECTHBIH aHAIN3 ONTHYECKHX H CITYy THUKOBBIX JAHHBIX ITOKa3aJl, 9TO HAaOMonaeMble
c1adble JIydHCTBIE CTPYKTYPBI HAXOISITCS B 00IACTH KaCTIEHHBIX BBICHITAHMIT M IPOCTPAHCTBEHHO CBSI3a-
HBI C BCIUIECKOM BBICBHINAIOIMXCS MEKTPOHOB ¢ dHeprueil MeHee 100 3B. Cnenyronmii cmytauxk DMSP
TIepeceK IoJie 3PEHHST KaMephI CITYCTS AECATh MUHYT HOCIIE IEPBOTO, U aHAJIM3 €T0 JAHHBIX MOKa3all, IT0
3Ta [yra B MOMEHT HCIE3HOBEHNSI HAXOAMIIACh B 00JIACTH PA30MKHYTBIX CHIIOBBIX JIMHUH. DTOT Pe3yIIbIar,
JIOTIONTHEHHBIH CIIEI(UIecKoil ()opMOI IPOTOHHBIX BBICHITIAHUI B JIAHHBIX cITyTHHKa DMSP, kotopyio
TpPaJUIHOHHO CBS3BIBAIOT C NEPECOSTUHEHNEM, TTO3BOIIII HaM IIPUHTH K BBIBOMY, YTO CMEIIABIIAsCS K
TIOJTIOCY ci1abast JTydrcTast {yra MOIJIa MPEACTABITE COO0i HOHOCHEPHBIH CIIE TONBKO YTO IePEeCcoeIy-
HUBIIEHCS MArHUTHOI CHIIOBOH TPYOKH, yHOCUMOI! COJTHETHBIM BETPOM B aHTHCOTHETHOM HaIPABIICHNH.
OneHeHa BBICOTA U TTOIIEPETHBII pa3Mep NIEMEHTa JIyIHCTOH CTPYKTYpPEI B KacIle.

1. INTRODUCTION

Investigation of geophysical processes in the cusp and adjacent magnetospheric
domains — the mantle (MANT) and the low latitude boundary layer (LLBL) — is important
for understanding the physical mechanisms responsible for solar-terrestrial interaction. Magnetic
conjugation of these parts of the dayside magnetosphere with the high-latitude ionosphere
allows us to study solar-wind/magnetosphere interaction via the ionospheric phenomena
observed from the ground. In this paper we concentrate on dayside auroras observed above
Svalbard and aurora-related particle precipitations measured on board the DMSP satellites.

As a research tool, the optical aurora has obvious advantages compared with other
kinds of ionospheric manifestations of magnetospheric processes since the modern all-sky
cameras, as well as the large field of view, have high spatial and temporal resolution. On
the other hand, optical observations depend greatly on the weather conditions and may
be conducted only during darkness, only. Probably, this is a reason why we still poorly
understand how the solar wind/magnetopause interaction is displayed by dayside auroras.

Expanding the set of observational instruments in Spitsbergen allows the use of
a wide range of data instead of the optical data alone. Although such a multi-instrumental
approach reduces the number of “optical events” suitable for analysis and turns them into
so-called “case-studies”, it makes the interpretation of observations less uncertain (e.g. [1]).

Long study of low-altitude satellite data yielded the statistical MLAT/MLT distribution
of the ionospheric projections of dayside magnetospheric domains ([2]) showing that the
ionosphere above Svalbard is magnetically conjugated with all the above mentioned domains
of interest (MANT, cusp and LLBL). To interpret the dayside aurora dynamics in the frame of
solar wind/magnetopause interaction, one should correctly define the location of the dayside
aurora’s origin in the magnetosphere. For example, if auroras originate in the cusp then move
poleward and disappear in the mantle, the hypothesis about their association with reconnecting
flux tubes suggested in [3] seems to be a probable one. However, the location of aurora origin
is not simple. The typical way is the use of one of the Thyganenko models ([4]). In [5], the
conclusion about the association of the early-evening arc (16 MLT) with the inner edge of
LLBL was done in the absence of satellite measurements on precipitating particles. The only
argument was how far away from the magnetopause the arc is projected in the Tsyganenko
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T89 model. The same approach was used in [6] to infer that the post-midday arc (13:40
MLT) originated from the magnetopause. The results of a case study of conjugated satellite
(Polar at ~ 09:30 MLT and Cluster at ~ 16 MLT, respectively) and optical observations of the
dayside aurora were presented in [7, 8]. Including the auroral particle data in these analyzes
resulted in a more correct projection of auroras to magnetospheric domains. Nevertheless,
the conclusion about the location of the arc’s origin in LLBL (see [8]) may not be regarded
as indisputable because the Cluster satellite footprint is projected on the edge of the camera
field-of-view where distortion due to using of fish-eye lens is very high. In [7] the auroral
form positions in the vicinity of the Polar footprint were supposed from the characteristics of
precipitating particles while optical observations were used for very general information about
auroras. Probably, the approach was conditioned by understanding how critical an ambiguity
of mapping of high altitude satellites into the ionosphere is for interpretation. An inaccuracy
of Cluster mapping was estimated in [9]. The authors showed that different modifications of
the Tsyganenko models yield an uncertainty of Cluster projection to the ionosphere about 100
km that is of the same order as the scale of auroral pulsating patches considered in [9], as well
as the meridian extension of cusp and LLBL projections in the present study. The altitude of
DMSPs is ~ 840 km and for mapping one can use the IGRF model which, in contrast to the
Tsyganenko models, does not depend on geomagnetic activity.

Indirect comparison of the location of auroras with regions of dayside precipitation
was done in [10]. Using statistical distribution both of auroras and particle precipitation
regions, the author showed that discrete dayside auroral forms are embedded into
the boundary plasma sheet whereas diffuse luminosity is associated with rather hard
precipitations from the central plasma sheet (CPS). Note that for their analysis they used
the approximating formulas ([11]) instead of the direct simultaneous measurements. Later,
the former result was confirmed by direct comparison of electron precipitations onboard
DMSP with optical observations in the late morning and early evening MLT-sectors ([12]
and [13], respectively). The result of the above-mentioned case study in [7] inferred from
Polar measurements is also in agreement with these observations.

An analysis of the literature shows that direct simultaneous optical/satellite measurements
aimed at locating of the near-noon auroras relative to magnetospheric domains (cusp, LLBL,
MANT) are very rare, and the nature of near-cusp auroras, as well as the drivers of aurora
dynamics, are still uncertain issues of solar wind/magnetopause interaction. A few of the
simultaneous near-noon observations may be easily explained by weather conditions and horizon
sun highlight even during the darkest days. There are several case studies (e.g. [14, 15, 1])
demonstrating the possible association of auroras with some domains but reliable statistics are
not available so far. The situation can not be clarified using aurora observations from satellites
such as Viking, Polar or Image because they give only an overview of auroral activity due to
low spatial/temporal resolution, as well as low sensitivity of onboard optical instruments.

Our investigation aims to expand the statistics on the association of dayside auroras
with magnetospheric domains adjacent to the magnetopause using conjugated satellite and
ground-based observation of the dayside aurora. The conjugation took place under negative
IMF Bz conditions due to which the cusp was shifted southward from its statistical position
([2]) and was detected by the DMSP F17 satellite in the central part of the field-of -view of
all-sky camera operating at the Barentsburg observatory on Svalbard (78.093°N, 14.208°E).

The most important part of the investigation is the precise collocation of optical
and satellite measurements. The procedure will be shortly described in the next section.
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2. INSTRUMENTATION AND METHODOLOGICAL ISSUES

The optical data used in our investigation were obtained with the high sensitive CCD-
camera installed at the observatory of the Polar Geophysical Institute “Barentsburg” in November
2011. The camera is equipped with a fish-eye lens, has a resolution of 512x512 pixels and
monitors the auroral activity in visible light at a temporal resolution of one frame per second.

The satellite data used for this study come from the Defense Meteorological Satellite
Program (DMSP) series of satellites, using the SSJ/4 detector. The DMSP F16,F17 satellites
are in circular, 840 km, Sun-synchronous orbits at an inclination of 98.3. The reader is
referred to [16] and references therein for details on the SSJ/4 detector and its capabilities.

Location of the boundaries of different types of auroral precipitation was inferred
from the DMSP satellite data by the method described in [17] and realized as on-line
procedure on the website of the Johns Hopkins University (http://sd-www.jhuapl.edu/
Aurora/dataset_list.html).

A very important part of our investigation is matching (in space) optical and satellite
measurements as accurate as possible. The traditional way of conjunction of optical and
satellite measurements is the projection along geomagnetic field lines (mapping) of
both auroras and satellite trajectory onto the same surface with a definite geographic/
geomagnetic coordinate system. In our study for aurora mapping we used the AIDA-tools
package developed by Bjorn Gustavsson ([18]) for processing of the aurora optical data
provided by the Auroral Large Imaging System, ALIS ([19]). The AIDA-tools package
is available on http://www.alis.irf.se/~bjorn/AIDA_tools/Documentation/index.html. Like
many other methods, the AIDA procedure is based on star recognition in the sky image.
However, for transformation of “coordinates” on digital image (numbers of column and
row) into the physical coordinates on the mapping surface (latitude and longitude), the
procedure uses the matrix instead of traditional one-dimensional dependence of coordinates
on the zenith angle.

For DMSP mapping we used IGRF magnetic field model and coordinates of the sub-
satellite points taken from http://sd-www.jhuapl.edu/Aurora/dataset list.html. The altitude of
the spherical surface where the satellite measurement points were matched with auroras was
assumed to be the height of the low border of luminosity (height of auroras). The latter was
inferred from the altitude profile of aurora luminosity. Note that the height of auroras is the
most uncertain parameter. In the study [12] the height of the dayside auroras was assumed
to be 150 km. The value was obtained from triangulation measurements ([20]) based on the
photo registration which is more sensitive for the green emission than for the red one whereas
it is just red auroras that are the typical form of near-cusp auroral activity.

To estimate the possible error caused by an uncertainty of the aurora height, we
carried out a special investigation which showed that the variation of the aurora altitude
near zenith in the range 200-250 km introduces an uncertainty of about 8 km in the process
of auroras/satellite trajectory matching. This is four times more than the uncertainty due
to satellite movement and data temporal resolution and almost ten times more than spatial
resolution of optical data. The error increases with moving away from zenith and rises up
to 100 km at the distance ~ 200 km from zenith. This means that in a situation similar to
that described in [8], the error of association of auroral arc with some domain is of the
order of the width of the domain. To reduce the uncertainty in our study, we estimated
the aurora height from the characteristics of precipitating particles detected by DMSP at
the moment of conjugation with the auroral form under consideration.
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3. OBSERVATION
3.1. IMF variations and aurora response

A keogram in Fig.1a shows (in negative representation) the aurora dynamics above
Barentsburg in response to the variations in Bz and By components of the interplanetary
magnetic field, IMF. Variations of IMF are time-shifted to the Earth’s bow shock nose.
The keogram is inferred from the sequence of the all-sky camera frames at 10 s resolution
and presents variations of integral luminosity of the sky in the NS oriented band of the
20 pixel width that at an altitude of 250 km corresponds to 10 km in the zenith and 25 km
at the zenith angle of 60 degrees.

Variations in the Bz component of IMF are commonly considered to be a driver of
the many magnetospheric processes through the dayside reconnection. The beginning of

Fig. 1. (a) Aurora response to IMF variations. Vertical lines show the moments of DMSP flight through
the field-of-view of the all-sky camera in Barentsburg. () Satellite trajectories mapped at the altitude
of auroras. Black circles indicate the satellite location at the moment of crossing the boundary between
cusp, mantle and LLBL precipitations. Tick orientation on the trajectories is approximately along the
geomagnetic latitude. (¢) Spectrograms from the DMSP F17 and F16 satellites showing the structure
of particle precipitations in the region of optical observations

Puc. 1. @) — oTKIMK cHUSHMIA HA BapHali MEKIUIAHETHOTO MArHUTHOTO TT0JIs. BepTHKaIbHBIMY JTH-
HUSIMH OTMEUYEHBI HHTEPBAJIBI IpoJieTa ciryTHIKOB DMSP uepes moste 3peHnst kKaMephI MOTHOTO 0030pa
HebOa B bapeHnOypre. UepHble KPY)KKH — TMOJOKEHHE CITyTHHKA B MOMEHT IIepECEUCHUS TPAHHUIIBI
BBICHINTaHH, CBOHCTBEHHBIX KACITy, MAHTHH ¥ HU3KOIIHMPOTHOMY TIOTPAaHUYHOMY CJIOI0; b) — TIpO-
EKIIH TPACKTOPHUI CITyTHUKOB B HOHOC(EpY Ha BBICOTY CHSHUIL; ¢) — CIIEKTPOTPaMMBbI CITyTHHKOB
DMSP F17 u F16, nokaspiBatomine CTpyKTypy BBICBIITAHUI HaZ 00TaCThIO ONTHYECKUX HAOTIONCHUI
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the interval in Fig.1a is characterized by the gradual Bz rising toward the positive values
while By is positive and stable. In the middle of the event Bz turned to the negative
values and stayed relatively stable so that both the satellites conduct the measurements in
conjunction with the optical auroral observations under the negative Bz conditions. The
interesting feature of the interval is the vanishing of By component, indicating that the
IMF lines are anti-parallel to the geomagnetic field lines during both the satellite passes.
This creates favourable conditions for reconnection right near the noon meridian.

Auroras during the intervals of interest represent the so-called poleward moving
auroral forms (PMAF) that are a typical kind of activity for high latitude dayside auroras.
The equatorward shift of PMAF started at 07:20 UT, i.e. 10 minutes after Bz changed sign to
negative. This time lag is not exactly the responding time to the Bz variation because it also
includes also the propagation time of the solar wind through the magnetosheath. Note that
the curves in Fig la, lower panels, show the IMF variations at the Earth’s bow shock nose
which, according to the OMNI WEB estimation, was at a distance of 13.2 RE from the Earth.

One more feature of auroral activity inferred from the keogram in Fig la is the
appearance and poleward drift of the auroral arc 10—15 minutes after the beginning of
PMAF equatorward displacement. Just before the arc appearance and a few minutes after
its disappearance, two DMSP satellites passed through the all-sky camera field-of-view.
The moments are indicated with vertical lines in Fig.la and satellites trajectories are
presented in Fig.1b. Note that the tick orientation on the trajectories is approximately
along the geomagnetic latitude. The features of particle precipitations during these passes
are presented in Fig.1c. They show that before the single arc appearance the F17 satellite
detected precipitations typical for the cusp (upper panel in Fig 1¢). After arc disappearance,
the boundary between mantle and LLBL which we consider as a boundary between open
and closed magnetic field lines was detected by satellite within the all-sky camera field-of-
view (see spectrograms on the lower panels in Fig.1c). A detailed analysis of the satellite/
aurora conjugation is presented in the next sections.

3.2. Rayed auroral structures in the cusp and corresponding precipitations

For correct matching of satellite measurements with auroras we need to know the
altitude of the spherical surface above the Earth on which both auroras and satellite
trajectory with markers of precipitation boundaries will be mapped. As it was shown
above, the largest error in the location of satellite measurements relative to auroras may
be caused by the ambiguity in choice of the aurora height. To diminish the uncertainty in
the aurora altitude we defined this parameter from in situ satellite measurements by the
method which was used earlier in the study [1].

Altitude profiles of the luminosity were inferred from the characteristics of electron
precipitations along the fragments of satellite trajectories shown in Fig 2a and are presented
in Fig 2b as altitude — UT diagram. In Fig. 2a, similar to the keogram, the higher intensity
corresponds to the darker areas. Intensity of the red emission (650.0 nm) was calculated
according to the model developed in [21]. For green emission (557.7 nm) we used the
model described in [22]. The rates of excitation and ionization of the atmospheric species
used in the emission intensity calculations were calculated according to method presented
in [23]. Altitude profiles for the moments corresponding to precipitation bursts in satellite
data (and, hence, the bursts of emission intensity) are shown in Fig. 2c.

Results of calculations in Fig.2c show that luminosity in the red emission is more
intense than in the green emission that is the expected result for the near-cusp aurora. For
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further analysis we assume that all auroras registered by the all-sky camera in Barentsburg
during the interval are red auroras. The red luminosity profiles have a maximum in the
230-270 km altitude range (ionospheric F region) and decrease rapidly with altitude
decrease. Aurora registration in Barentsburg is carried out by a non-calibrated camera, so
we do not know the threshold of camera sensitivity in physical units (Rayleigh) and can
not define the height of auroras directly from the curves in Fig. 2. On the other hand, the
accurate identification of this parameter on the aurora images is also laborious because it
depends on such subjective factors as the method of data visualization and the eye’s ability
to distinguish the gradation of gray. It may be inferred from Fig. 25 that the lower edge of
auroras might be several tens of kilometers below the area of maximum luminosity. So,
as a height of the spherical surface which will be used further for mapping both auroras
and satellite track, we accept the altitude of maxima minus 25 kilometers. We noted in
section 2 that for the matching of optical and satellite measurements in the F-region
near zenith an uncertainty of A4 ~ 50 km in height definition gives an uncertainty in the
matching of not more than 10 km in the case under consideration.

Auroras were represented as a series of rays which are (a) very elongated along the
magnetic field lines and (b) have a cross section much smaller that the distance between
them. At large zenith angles the property (a) complicates the identification of the small
faint structures against the rather strong background rays. The property (b) can also lead
to the loss of important information in the case of only satellite measurements because the
satellite may pass between the rays. This again points out the importance of coordinated
satellite-optical measurements and mapping of auroras and satellite tracks as correctly
as possible.

The spectrogram of DMSP F17 in Fig. 1c¢ shows that the satellite was inside the
cusp precipitations from 07:32:38 to 07:32:45 UT and detected the enhanced electron
flux just before entering LLBL. Our calculation shows that this burst produced the red
luminosity with altitude profile plotted as the thin line in Fig. 2¢. Although the maximum
of luminosity is at an altitude of ~ 265 km, we accept the altitude of the corresponding
auroral structure to be 240 km in accordance with the above reasoning. Results of matching
the satellite track with the auroras observed by the BAB all-sky camera at the moment of
the satellite crossing the electron enhancement is presented in Fig. 3a. the original frame
is on the left and the result of its mapping onto the spherical surface is presented on the
right. Note that East on the original frame is on the left whereas on the mapped frame
it is in its correct position — on the right. The solid line indicates the fragment of the
satellite trajectory where cusp precipitations were detected.

It is seen that at the moment of interest the satellite (shown with a white circle) is
conjugated with a very faint ray. This can mean that a rayed auroral arc-like structure was
located in the cusp, i.e. its source was, most probably, on the open magnetic field lines.

One more precipitation burst was detected at 07:35:56 UT when the satellite was
in the precipitations related to LLBL. According to our calculations the red emission
maximum was at an altitude of ~ 240 km, so, as a height of the lower edge of the auroras,
we accept the altitude of 215 km. The result of the matching is shown in Fig. 3b. For
a better visualization of structures after mapping we emphasized their lower border on
the central image with thin white curves. (Note the important feature of the fish-eye
images of auroras: the bottom edge of aruoral structure in the ionosphere corresponds to
the bright area on the image most distant from zenith edge). The curve A corresponds to
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Fig. 3: From left to right: original all-sky frames showing auroras in the cusp (a) and in LLBL () and
result of mapping them together with the corresponding fragments of the satellite trajectory. White
circle indicates the satellite location at the time of precipitation enhancement. More details in the text

Puc. 3. CneBa HampaBo: OpUIHHAJIBHBIC CHIMKH KaMepbl, MOKa3bIBAIOINE CHSHUA B Kacme (a) u
HU3KOIIMPOTHOM TOTPaHHMYHOM ciioe (b) M MX IpOeKIHH B HOHOC(Epy BMeCTe ¢ (parMeHTaMu
CIIyTHHUKOBOW TpaeKTopuu. JleTann B TeKcTe

the above-mentioned faint rayed arc in the cusp which the satellite was conjugated with
just before the entry into LLBL. The faint arc B was partly superimposed onto the rather
bright rays belonging to the another auroral structure. This structure obscures the east
edge of the arc B where the satellite was mapped at the moment of precipitation burst
detection (white circle in Fig. 3b, right panel). The satellite then flew in the BPS and its
trajectory was mapped between the rays thus not allowing to obtain the emission altitude
profile and to make a correct matching of optical and satellite data.

The comparison of proton and electron precipitations presented on spectrograms in
Fig. lc (top panels) gives important information about possible generation mechanism
of the rayed auroras in the cusp. It is seen that during the satellite conjugation with the
auroral structures in the cusp, proton precipitations do not decrease in response to the
electron enhancement but even increase. It is not consistent with our previous result
regarding LLBL auroras ([1]) showing that at the moment of satellite-aurora conjugation
the proton precipitations were stopped almost completely which we connect with the
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existence of anomalous resistance or a double layer above the arc. Since no signature
of the particle acceleration was observed in the event considered, one can suppose that
the generation mechanism of the rayed structure in the cusp is connected rather with the
loss-cone electron scattering than with the electron field-line acceleration.

Just after F17 crossed the cusp, the auroral activity represented a typical poleward
moving auroral form (PMAF), i.e. enhancement of auroras southward zenith, poleward
drift through camera field of view and fading. In the next section we discuss the possible
location of the PMAF relatively magnetospheric domains inferred from F17 measurements.

3.3 Presumed location of the PMAFs during and at the end
of their poleward displacement

The keogram in Fig.la shows that between the F17 and F16 passages over the BAB
all-sky camera (interval confined by two white vertical lines) the auroral activity represented
a single PMAF event. The event started near the moment of the F17 cusp crossing in the area
of enhanced auroras southward zenith and faded ten minutes later close to the northern edge
of the camera field-of-view. An important feature of the event is the short-term intensification
of the drifting auroras just before 07:40 UT slightly southward of the local geographical zenith.
The shape of auroras for the moment of brightening is presented in Fig. 4a. One can
distinguish several stretched rays which are the elements of the rayed auroral arcs and at
least two patches, one of which is located directly in the local magnetic zenith (Fig. 40).
On the one hand, the patch may be the cross-section of one of the auroral rays drifting
poleward. On the other hand, it can be treated as the cross-section of a just reconnected

magnetic flux tube moving poleward. We clarify the last assumption below.

Fig. 4. (a) Complex structure of PMAF at the moment of intensification. (b) Auroral patches above
Brentasburg. Local geographic and magnetic zeniths are marked with white square and cross,
respectively. Bold white line shows the cusp position six minutes before the moment, thin white line
is presumed location of the boundary between cusp and LLBL

Puc.4. a) — cnoxHast CTpyKTypa CHCTEMBbI ApeH(YIOIINX K MOIIOCY IyI B MOMEHT X HHTEHCU(U-
Kanuu; b) — cusiHus Hax BapenuOyprom B opme msateH. [eorpaduueckuii 1 MArHUTHBIH 3€HUT
OTMEYEeHbI OeJIBIM KBaJPaTOM M KPECTHKOM COOTBETCTBEHHO. JKUPHOIT TMHKEN TTOKa3aHO MOT0KEHUE
Kacra 3a LIECTh MMHYT JI0 3TOT0 MOMEHTa, TOHKas OeJiast IMHUS — Ipe/onaraeMoe MojoXeHHe
IPAHMIIBI MEXY KaCIIOM U HU3KOIIMPOTHBIM NOTPaHUYHBIM CJIOEM
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The bold white line on the images in Fig. 4 is a fragment of the F17 trajectory where
cusp precipitations were detected six minutes before the image was taken. Note that the
PMAF development preceded the interval of almost constant IMF (see Fig.la, central
panel). This allows us to assume no global reconstruction of the dayside magnetosphere and,
as a sequence, no significant displacement of the ionospheric boundaries of magnetospheric
domains at least within a few minutes after cusp detection. As inferred from Fig.lc, top
panel, the satellite F17 flew almost along the geomagnetic latitude that is shown with a thin
white line in Fig. 4b. Based on the spectrogram in Fig.1c (top panel), this geomagnetic
latitude may be regarded as the boundary between the cusp and LLBL. So, the patches
poleward of the line may be located in the cusp, thus supporting the above hypothesis
about the nature of the auroral patch in the local magnetic zenith as the cross-section of
a just reconnected magnetic flux tube.

The next DMSP satellite (F16) flew through the camera filed-of-view ten minutes
after the first one (F17) and on leaving the MANT precipitations at 07:44:20 UT (see
Fig. 1c, bottom panel) was mapped poleward zenith close to latitude where the drifting arcs
disappeared. Unfortunately, the arc disappeared completely about four minutes before the
moment. So, taking into account the stable IMF condition and the location of the fading
arc in respect to the MANT/LLBL boundary which is assumed to be at the geomagnetic
latitude of the F16 projection, we can only suggest that it happened in the mantle. The
auroras in the mantle have been reported earlier [24].

4. DISCUSSION

The poleward moving auroral form (PMAF) is a typical form of the dayside auroral
activity. Investigation into them started several decades ago but no commonly accepted
explanation was elaborated. In the early publications that studied this phenomenon it
was suggested that the dayside reconnection under negative IMF Bz conditions can be
the possible reason for PMAF events (e.g. [3]). While subsequent studies showed that
PMATF occur during both negative and positive Bz and that they may be observed far away
from the noon meridian [25, 13], the reconnection remains the most popular hypothesis
to explain PMAF.

To associate PMAF with just reconnected magnetic flux tube drifting from the cusp
in anti-sunward direction, first of all it should be confirmed that the origin of PMAF is on
the non-closed magnetic field lines (i.e. in the mantle or in the cusp, at least). Unfortunately,
sometimes the researcher does not pay enough attention for reliable arguments of this.
For example, in [6] a conclusion regarding the position of the source of PMAF in the
magnetopause was based on the Tsyganenko model. In accordance with [9], the use
of the Tsyganenko models for aurora conjugation with high-orbiting satellites (Cluster)
yields a large uncertainty even in the inner magnetosphere (L ~ 4.5) where the shape of
the magnetic field lines seems to be more predictable and not so much distorted by the
external currents as just near the cusp. As additional argumentation, it was pointed in [6]
to the similarity of PMAF and FTE (flux transfer event) timescales. Indeed, the FTE are
attributed by many authors to a signature of reconnection but FTE was not reported as
actually occurring during the event considered.

In order to locate the source of PMAF in the dayside magnetosphere in our study
we used the data of the low-orbiting satellites DMSP series. Note that in contrast to any
Tsyganenko models which are based on statistics and, hence, refer to some “averaged”
geophysical situation, the position of the magnetospheric domains inferred from the DMSP
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measurements is directly related to the moment of the optical observations above Svalbard.
The location of the auroras in space was defined as accurately as possible. Firstly, for aurora
mapping we used the position of stars on all-sky images which minimized the possible
mistakes caused by inaccurate manual installation of the camera. Secondly, to estimate
the height of specific auroral forms we do not use a-priori information but calculate it
from the characteristics of precipitating electrons directly measured by DMSP just over
the auroral form. Therefore the association of the faint auroras on the all-sky images
with the cusp precipitations (section 3.2) may be accepted as a proven fact if the on-line
procedure of domain identification at the APL website is correct.

A credible conclusion but less supported by direct measurements, is that the PMAF
source is located on the non-closed magnetic field lines (section 3.3). Up to the moment
when F16 crossed the MANT/LLBL boundary, the PMAF have faded completely. So,
our assumption that they were in the mantle is based on the F16 measurements which
were made a few minutes after the arc disappearance and the fact that the MANT/LLBL
boundary did not shift poleward during the interval.

If the arcs are really on the non-closed magnetic field lines and move poleward at
the same time, it is reasonable to associate them with just reconnected magnetic field lines
drifting tailward from the cusp. Recall that attributing PMAF to reconnection in [6] was
inferred from the similarity of the PMAF and FTE timescales despite the fact that FTE
themselves were not detected. In our case the reconnection hypothesis was supported
by the DMSP F16 data, in particular by the shape of ion precipitations shown on the
bottom panels in Figs. 1c, time interval 07:43:05-07:44:35 UT. First, the spectrogram
shows the increase of ion energy while the satellite F16 moves from high latitudes to
south (ion-energy dispersion), which is usually considered as a signature of reconnection
during negative Bz (e.g. [26]). Second, the dispersion structure crosses the MANT/LLBL
boundary, which may be interpreted as penetration of the reconnecting flux tubes from
LLBL to the mantle. As an alternative to reconnection, the interchange instability might
be the possible mechanism for penetration of PMAF into the mantle (e.g. [27, 28]).

The keogram in Fig. 1 shows the tendency for the PMAF intensity to increase in
the course of movement toward zenith. The apparent increase of the luminosity on the
flat image may be caused by the pass of the auroras, which actually are three-dimensional
structures, exactly through the magnetic zenith. The PMAF which we relate to reconnection
has a complex configuration and consists of both rays and patch-like auroras (see Fig. 4).
The set of available instruments does not allow us to conclude whether the local spot in
the magnetic zenith in Fig. 4 is the cross-section of an auroral ray or is different auroral
phenomenon. So, the size of the spot of about 10x20 km at an altitude of 240 km might
be the transverse scale of both the ray and the reconnected flux tube.

5. CONCLUSION

A case study of aurora dynamic in the cusp region has been analyzed using ground-
based optical measurements and date from the DMSP F17 and F16 satellites crossing
the camera field-of-view one after the other within a 10 minute interval. An auroral
keogram showed that the aurora development was conditioned by the IMF variations. Sharp
changing of the IMF Bz component from positive to negative values caused the partial
reconstruction of the dayside magnetosphere so that the aurora activity of a PMAF-like
type was shifted southward and the cusp moved to the zenith of the all-sky camera at the
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Barentsburg observatory, i.e. southward of its statistical position ([2]). On the other hand,
the large negative Bz and By ~ 0 create favorable conditions for dayside reconnection.

For correct matching of the optical and satellite measurements we used the package
of procedures developed for the multi-camera project ALIS (Swedish Institute of Space
Physics) as well as the altitude of the auroras inferred directly from the precipitating
electron data measured on board the DMSP satellites instead of a-priori information. It
was shown that the weak bursts of electron precipitations detected by the F17 satellite
inside the cusp are conjugated with the faint red auroras. The auroras look like rayed arcs
and are located at the equatorial edge of the cusp-related precipitation. The spectrograms
from the F17 satellite show that the auroras were generated by scattered rather than
accelerated particles.

The single event of so-called poleward moving auroral forms was observed after
the flights of the first satellite. We suggest that at the end of the event the source of the
PMAFs was located in the mantle, i.e. on the non-closed magnetic field lines, and dayside
reconnection could be responsible for the PMAF formation. The “reconnection hypothesis”
is supported also by the presence of ion-energy dispersion on the satellite spectrogram.
Note, however, that this assumption does not refer to the PMAFs that occurred before the
F17 passage. In accordance with [28], the interchange-like instability might be a possible
mechanism for the PMAF formation in this MLT sector, for example.

We also estimated the spectrum and altitude of the rayed arcs in the cusp, the energy
of precipitating electrons responsible for the arc generation and the probable reason for
that precipitation, as well as the transverse size of the auroral ray/reconnected flux tube
that may be of practical value for further investigation of the dayside auroras.
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IlonsipHbIe CUSIHMS B Kacle U ero NPUMOJIIOCHONH OKPeCTHOCTH:
HccseJ0BaHue OTAeJIBHOr0 COOBITHSA
(pacmuupeHHblii pedepar)

ITporiecchl B3aMMOJEHCTBHSI COTHEYHOTO BETPA C JHEBHON MarHUTOC(HEpOil SBISIOTCS
Ba)XHBIM 3BEHOM ()OPMHPOBAHUSI KOCMUYECKOH MOTO/IbI, IIOCKOJIBKY HUMEHHO MTOCPEACTBOM
9TUX MPOLIECCOB OCYIIECTBIAETCS IEPEHOC SHEPTUH U BEIIECTBA U3 MEXKIIJIAHETHOM Cpesibl
B OKOJIO3EMHO€ KOCMUYECKOE MPOCTPAHCTBO. [Ipyu OTpHLaTeNbHBIX 3HAUCHUSIX MEXKILIa-
HeTHOro MarHutHoro nosist (MMII) ero cuitoBbIe IMHUY CTAHOBSITCS aHTUIIAPAIIIEIbHBIMU
CUJIOBBIM JIMHUSIM T€OMAarHUTHOTIO 1OJIL B OKPECTHOCTHU MOJCOIHEYHON TOYKHM HAa MarHu-
Tonay3e. Takast cuTyalysi HEyCTOHYMBa U IPUBOJUT K MEPECOSTUHEHUIO CHIIOBBIX JTMHUI
MMII ¢ cunoBbIMU JTHHUSMH, (POPMUPYIOIIMMH Maruuromnaysy. [lepecoeauHuBunecs cu-
JIOBBIE TPYOKH CHOCSITCSI COJTHEUHBIM BETPOM B XBOCT MarHUTOC(EPBHI, T/Ie CKallIMBarOTCS,
YBEJIMYHMBAsl TEM CaMBbIM MarHUTHYIO SHEPTHIO XBOCTa. MarHUTHas SHEPTHs BHICBOOOXK-
JIaeTCs B XO/Ie MarHuTocepHoit cyOoO0ypr — OJHOTO U3 HanOOJee CHIIbHBIX KaTaKITU3MOB
KOCMHYECKo# Torosisl. B mponecce cHoca B MarHuTocepHbIi XBOCT MepecoeANHHBIIAsICS
cuioBasi TpyOKa rnepecexaeT MarHUTOC(EpHbIH JOMEeH, Ha3bIBaeMblil KacrioM. [ eomerpus
T€OMarHUTHOTO MOJIsl TAKOBA, YTO B OKOJIONIOY/IEHHBIE Yachl OCHOBAHHE Kaclla OKa3bIBa-
ercs Hax LlInunbepreHoM, M BBHICHIIAIONIMECS U3 TIEPECOSTUHUBIIEIHCS TPYOKH YaCTHIIBI
TEOPETHUYECKH MOTYT OCTaBJIATh B noHochepe Hay IlInundeprenoM «ciem» B BUIE Ipei-
¢yromux K mnostocy cinadbix GOpM JHEBHBIX MOISIPHBIX CHSHHUH.

B 3umHee Bpems rosia, koraa Ha mupore lnumnoeprena TeMHO ake B TIOJy/ICHHBIE
Yachl, 3TU cadble CUSIHUS MOTYT OBITh OOHAPYKEHBI HA3eMHOM ONTHYECKOH araparypoii.
[Tpo6Gnema 3akiro4aeTcst B TOM, YTOOBI B CIIOXKHOM KapTHHE JHEBHBIX CUSIHUI BBIICIUTS TE,
KOTOpPBIE «IIPOU3BEJCHBD) BBICHIMAIOIIUMUCS U3 Kacla 3eKTpoHaMu. OTKyza CHIIIOTCS
ANIEKTPOHBI, MOJKHO IOHSTh, aHAJM3UPYSI JaHHbIE HU3KOOPOUTAJIBHBIX CITyTHUKOB CEPHU
DMSP. Bropas crnoxHOCTh 00yCIIOBIEHa TE€M, YTO Ha3eMHOMY HaOimtonareinto Tpedyercs
B OTHOCHUTEJILHO KOPOTKHMII IIEPHO]] BPEMEHH, KOT/Ia ONTHYECKUM HaOMIONEHHUSIM He TIpe-
IISTCTBYET HU COJHEYHBIH, HU JIYHHBIH CBET, B 0€300J1a4HbIH TTOJJIEHb, TIPH OTPHLATETbHBIX
3HaueHusix MMII 3adukcrpoBars CUsIHHS TIPH YCIIOBUH, 4TO ciiyTHUK DMSP nponeran
HE MPOCTO Yepe3 MoJjie 3pSHUs KaMephbl, HO MepeceKal PpH 3TOM 00JIacTh KaCIIEHHBIX BbI-
ceinanui. [ToHATHO, UTO Takoe CTeueHUe 00CTOSTENbCTB BCTPEYAaeTCs KpaiiHe peiko gaxe
TIIPU PETYISIPHBIX onTHYecKuX HaOmoaenusx Ha [llnunoeprene. 1o aToit npuante Teope-
TUYecKas TUIIOTE3a O TOM, YTO PE3yJbTaT NePeCOCTUHEHUS MOKHO «YBUAETY C 3€MHOI
MTOBEPXHOCTH ONTHYECKOM anmaparypoil, XoTs U Oblia IMpeasiokeHa Oosee MATHIECITH
JIeT Ha3aJ, 0 CUX MOpP OCTaeTcs IUCKYCCHOHHOM.

B pabote uccrenoBan penxuii ciydaid OHOBPEMEHHH pEeTrHCTpaliy JHEBHBIX I10-
JIIPHBIX CUSIHMM Ha3eMHOM ONTHYECKOW ammapaTypod U JETEKTOPOM BBICHIIAIOIIMXCS
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yacTtull Ha cnyTHukax DMSP F16 u F17. OnTuueckue n3Mepenus NpoBOAUINCH KaMEPOU
monHoro 0630pa Heba [lomspHoro reopmsndeckoro nHcTUTyTa (IIT'M), ycTaHOBICHHOM
B obcepBaropun bapennOypr Ha apx. llInumnbepren. Ocoboe BHUMaHUE YIENsUIOCH TOY-
HOCTH COTIPSDKEHHMS YYaCTKOB TPACKTOPHH CITyTHUKOB C O0JIACTSIMH, 3aHATHIMU CBEUCHHEM.
Jlnist 5THX 1enel MCIoIb30BalICs MMakeT MporpaMm, paspadoraHssix B LIBenckoM nHCTH-
TyTe KOCMHUYECKOH (PU3MKH, TTO3BOJISIONINNA MO PACTIONOKEHHIO 3B€3/] HAa CHIMKE KaMephbl
Ka)KJJOMY IHKCEITy M300pa’keHNsI CONOCTaBUTh (DPM3MUECKHIE KOOPANHATHI Ha INIOCKOCTH,
TJIe pacrojarajicsi MaKCHMyM CBEYEHHsI M Ha KOTOPYIO 3aTe€M CITyTHHUKOBBIH ()parMeHT
TPAEKTOPUH «IPOESKTHPOBAJICS BAOJb CHIOBOW JIMHUH T€OMAarHUTHOTO TIOJIS.

Crenyst pa3BOpOTY BEPTHKAIBHOW KOMITOHEHTHI MEXXIIIAHETHOTO MarHUTHOTO TIOJIS
(Bz-xommorerTs MMII) B 0051aCTh OTPHIATENIHHBIX 3HAYCHUI, CHCTEMa CIIA0BIX JTyIHCTHIX
JIyT CMECTHJIACh K IOTY, ITOCIIe Yero OfHa U3 AyT Hadaja JIpeidoBaTs 00paTHO K MOTIOCY
u ponana. PasBopot Bz mpuBern x ToMy, 94TO MMOJOIIBA KacIa TOKE CMECTHIIACH K 10Ty OT
CBOET0 CTAaTHCTUYECKOTO MonokeHus (Hax nocenkoM Hro-OnecyHH) 1 oka3anachk B IIEH-
Tpe mons 3peHus kamepsl B bapennoypre. Criytank DMSP F17 mepecek kacm crycTs
JIBaJIIIaTh MUHYT IOCIE pa3BopoTa Bz-kommoneHTHI. [lono)keHne M CHSHUMA, U CITyTHHKA
B IIEHTPE U300paKeHNs, 1TaBaeMOT0 KaMepOH, MO3BOIMIO CHU3UTh NCKa)KEHHsI, BHOCUMBIE
00BEKTHBOM THIA «PBHIONH IMa3» Ha OOJBIINX PACCTOSHUSX OT 3€HHUTA (B YACTHOCTH, HaJl
Hro-Onecynuom).

CoBMECTHBII aHANIN3 ONTHYECKHUX U CITyTHHUKOBBIX JIAHHBIX ITOKA3aJ, YTO Haboqa-
eMpble cita0ble JIy9HCThIE TyTH HaXOIATCS B 00JIACTH KAaCTICHHBIX BBICBIIIAHUH U ITPOCTPaH-
CTBEHHO CBSI3aHBI C BCIUIECKOM BBICHINAIOIINXCS 3JIEKTPOHOB ¢ 3Heprueit menee 100 3B.
Crnenyroumii cnytauk DMSP niepecek nose 3peHust KaMephbl CIyCTs JECATh MUHYT OCTIe
MIEpPBOTO, M aHAJIM3 €T0 JAHHBIX MTOKa3aJ, YTO 3Ta Ayra B MOMEHT HCUE3HOBEHHS HAXOMIIACh
B 00JIACTH Pa30MKHYTHIX CHIIOBBIX JIMHUH. DTOT pe3yibTaT, OMOIHEHHbBIH CIIenU(pHIeCKOH
(hopMoOii TPOTOHHBIX BBICHITAHWN B JaHHBIX cIyTHHKa DMSP, KoTOpyr0 TpaauiHOHHO
CBSI3BIBAIOT C IIEPECOCTMHEHUEM, TTO3BOIMII HaM NPHHUTH K BBIBOLY, YTO CMEIIABIIASCS
K TIOJIIOCY ciabast JIyJucTasi Jyra MoTiia IIPeACTaBIsITh coO00H HOHOC(EPHBIH CIIe]] TOIBKO
YTO MEPECOEANHHUBIIECHCS MAarHUTHOW CHIIOBOW TPYOKH, YHOCHMOH COJTHEYHBIM BETPOM
B QHTHCOJHEYHOM HAIIPABICHHUU. Pe3ynprar moaTBepKaaeT TEOPETHUSCKYI0 THIIOTE3Y
0 TOM, YTO B HEKOTOPBIX CHUTYalLlMSIX JHEBHBIC MOJSIPHBIC CHUSHHS MOTYT IPENCTABIATH
noHoc(epHsIH cien nepecoenuHeHns. C 3TONW MO3UINHU PETyIspHBIE ONTHYECKHE Ha-
Omronenns Ha LlInunbepreHe MOJKHO pacCMaTpUBaTh Kak OIMH U3 CIOCOOOB MOHUTOPHHTA
KOCMHYECKOH IOTOJIBI, CO3MA0MNIT TIPEAIOCHUIKH [UIS €€ TIPOrHO3MPOBAHUS.
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Summary

In last two decade, studies of ice ridge morphometry and strength properties have been actively
carried out. Thermal drilling of ice and experiments to determine the local strength of ice using a
borehole jack are performed. The paper discusses the issues of joint use of thermal drilling equipment
and borehole jack for the ice cover research. Two approaches to the comparison of the results obtained
by these two methods are considered. Average penetration rate versus local ice strength dependences
are presented. With increasing ice strength and decreasing penetration rate the interval of changes
in the ice strength increases and correspondence of the strength to the penetration rate decreases.
Based on the results of ice ridges research, depth-wise distributions of local strength and thermal
drill penetration rate are compared. Difference between the average thicknesses of the consolidated
layer obtained from these distributions was 5 %.
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TTIALTHOJIOTYA U KPHOJIOI'HA 3EMTA

B mocnennme nBa IecsATKa JET MPOBOMATCS HCCIEXOBAHUS MOP(HOMETPHUIECKUX U MPOU-
HOCTHBIX XapaKTEePUCTHK TOPOCHCTHIX 00pa30BaHUH ¥ mpuras. BemomHsercs TemoBoe OypeHne
JbJla U IPOBEJICHNE KCIICPHMEHTOB IO ONPEETICHUIO JOKaJbHOH MPOYHOCTH JIbAA C ITOMOIIBIO
30HA-MHAEHTOpA. B cTathe 00CykAatoTcst BOIPOCH COBMECTHOTO IPHUMEHEHHS TEPMOOYpPOBOT0 000-
PYIOBaHHS | 30HI-WHICHTOpA IS HCCIEJOBaHUS JISIIHOTO MOKpoBa. PaccMoTpeHs! ABa moxxona
K CpPaBHEHUIO PE3YIIBTATOB, ITOTyYSHHBIX STUMH ABYMs MeTofaMH. [IpiBeIeHbI 3aBHCHMOCTH CpenHei
CKOpOCTH OypeHHUs OT JIOKAaJIbHOH MPOYHOCTH JbJa. [Ipu Bo3pacTaHNM NPOYHOCTH JIbAA U YMEHb-
HIEHUH CKOPOCTH OypeHHMs HaIa30H M3MEHEHHUS IIPOYHOCTH JIbA YBEINYUBACTCS M IOHMKACTCS
COOTBETCTBHE IIPOYHOCTU CKOPOCTH OypeHHsI. BEIIOTHEHO cpaBHEHHE CPEeAHECTaTUCTHIECKUX pac-
HpeeNIeHNH IIPOYHOCTH U CKOPOCTH OypeHHs 110 ITyOHHe M0 pe3yiIbTaTaM HCCIEA0BaHHS TOPOCOB.
OTmuue MOTyYeHHBIX U3 ATUX PacIIpe/ieNICHU T 3HaUSHUH CpeTHel TOMIIHBI KOHCOTHANPOBAHHOTO
CJIOSI TOPOCOB COCTAaBHIIO 5 %o.

BBEJIJEHUE

B cBsi31 ¢ ocBoeHHeM 11eb(OBBIX 30H 3aMep3atoux Mopei Poccnuu n nepcnexru-
BOW CTPOMUTENBCTBA CTAIIMOHAPHBIX MIAT()OPM AJIs1 JOOBIUH YIIIEBOJOPOIOB CTOUT 3a1a4a
obecrieueHnst 6E30MACHOI IKCILTyaTallMl TAKUX COOPYKEHUH B YCIOBHAX JAper(yIOInX
U MpUNAHHBIX JBAOB. (15 3TOro HEOOXOAUMO MPOBOAUTH HCCIIECIOBAHUS IPOYHOCTHU
U CTPOEHUS JIeqHbIX 00pa3oBaHUil (POBHBIN Npei(yroNuii e, Topocsl, MpUMai, cra-
MyXH, aiicoepru, HaBaJjbl JbJa Ha Oepera). B AAHNU 6butn pa3paboTaHbl OpUrHHAIBHbIE
TEXHOJIOTHH ONpENIEICHUs] IPOYHOCTHBIX U MOP(POMETPUUECKHX XapaKTEPUCTHK JIbJa
B HaTYPHBIX YCJIOBHSIX, IO3BOJISIOIINE MPOBOAUTH MCCIECAOBAHUS MPOYHOCTU U CTpOE-
HUS JIEJSTHOTO MOKPOBA Kak IO IUIONAAH, TaK U 1o TonmuHe. L{enbro maHHON paboTsl
SIBJISIETCSI OTBET Ha BOIIPOC: BO3MOXKHO JIM, OCHOBBIBASICh HA JIaHHBIX O CKOPOCTH OypeHUst
JbJa, ClIeNaTh BEIBOA O €ro MpodHocTH? [/ JOCTIKEeHHS JaHHOW IelH HOTpe0oBaIoch
PELINTH ClIeNyIoUIMe 3aauu:

— paccMOTpETh Pe3yabTaThl COBMECTHOTO MIPUMEHEHHUS TepMOOypOBOro 000pyIoBa-
HUS U 30H-HUHJIEHTOpA U1 UCCIEIOBaHUs JIEASHOTO MOKPOBa,;

— COINOCTaBHUTh AaHHBIE O MPOYHOCTH JIbJa C JAHHBIMU TEPMOOYpPEHHUS;

— NPEIUIOKUTH aHAJIMTHYECKYIO 3aBUCUMOCTh CKOPOCTH TEIIOBOTO OypeHHs OT Mpoy-
HOCTH JIb/1a, IPUTOHYIO IJISI IPAKTHUECKOro MPUMEHEHHUS.

TexHonorust MOpHOMETPHUUECKUX HUCCIEIOBAaHUN BHYTPEHHETO CTPOCHHS JISISTHBIX
00pa3oBaHUIl OCHOBaHA HAa CKOPOCTHOM OypeHHH JbJa ropsdeil BOZOH WM 3IEKTPo-
TepMOOYPEHUH C KOMITBIOTEPHOW 3aIlliChbI0 CKOPOCTH JBIKEHHs OypOBOTO CHapsija BO
nby. CKOpoCTh OypeHUs 3aBUCHT OT T0/1aBaeMOM TEIJIOBOW MOIIHOCTH, TOPUCTOCTH
JbJ1a U B HEOOJNBIION CTENEHH OT €ro TeMmIreparypbl. bypeHue nmpoBomuTCs BAOIbL MPO-
¢bueii, MpoIIOKEHHBIX MONEpeK IpedHs Topoca (cTaMyXH, HaBaja), Ha MOCTOSHHOM Te-
IUIOBOH MoHIHOCTH. DUKCHPYIOTCA AaTa, HOMEp JIEISHOro 00pa30BaHUs, HOMED JIMHUH,
HOMEp CKBa)KHHBI, BHICOTA CHEXKHOTO MOKPOBa, KOTOpasi U3MEPSIETCSl B MecTe OypeHus
C TIOMOIIBIO CHEeroMepHoH peiiku. Ilocne Toro, Kak CkBaknHa MpoOypeHa, nu3MepsieTcs
IIPEBbIIICHIE BEPXHEH MOBEPXHOCTH CHEXKHOTO MOKPOBa (JIba) HaJl YPOBHEM MOpS C I10-
MOLIBIO KOHTAKTHOTO U3MEPUTENS YPOBHS BOAbL. [Ipn 00paboTke qaHHBIX TepMOOYpeHHs
OTIpENeNAIOTCS BeIMYMHA HAJBOAHOM U IOJBOJHON YacCTH JIEISHOTO MOKPOBA, TPAHUIIBI
KOHCOJIMIMPOBAHHOTO JIbJA, IPAHHUIIBI IIYCTOT, YYaCTKH JIbAA Pa3IMYHON MOPHUCTOCTH.

B nacrosmiee Bpems B AAHWU npuHATO NpH ONpeene N BHYTPEHHETo CTPOSHUS
TOPOCOB U CTaMyX BBLAEIATH 00JacTH IUIOTHOTO JIBJA, PHIXJOrO Jbda U mycrort [1, 2].
Iox pBIXIIBIM JIBAOM MOHUMAETCS 001aCTh, 3aII0NHEHHAs MEJTKUMH KyCKaMH JIbAa, CMep3-
HIMMHUCS MEXly COOOH B MecTaX KOHTAKTOB. 32 TPAHUYHYIO BEJIMUMHY KYCKOB IPUHSITA
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MHHHMAJIbHAS TONIKHA OJIOKOB JIbJa, COCTAaBIIOMINX ITapyCc TOPOCa MK CTaMyXH. Berpe-
YaoUIasicsl BO BpeMs OypeHus 001acTb, B KOTOPOH YepenyroTcsl yIaCcTKH JbJa U IyCTOTHI
C pa3MepaMy MEHbIIE TPaHUIHOM, HACHTH(OUIMPYETCS KaKk 00JIacTh, 3allOTHEHHAST PhIX-
JIBIM JIBJIOM. YYacTKH, rae OypeHue uaer 6e3 mpoBajoB, HO €r0 CKOPOCTh CYIIECTBEHHO
BBIIIIE, Ye€M CKOPOCTh OypeHHs IUIOTHOTO JIbAA, HACHTH(UIIMPOBAHEI KaK MEXOIOKOBBIE
MIPOCTPAHCTBA, 3allOJIHEHHBIE MOIyCMep3LIelcs myroil [4].

YcranoBka «CKBa)XMHHBIN 30HI-UHAECHTOP» [3] COCTOMT M3 TMAPOCTAHLIMU, 30H/-
HHJIEHTOpA, PErUcTparopa IMOKA3aHUi JaTYNKOB JIABICHUS, TIEPEMEIICHHS W CUTHAIIOB Tpe-
IMHOOOPa30BaHMA BO JbAYy BO BpeMs nctbITaHns. COOCTBEHHO 30HI-MHICHTOP COCTOUT U3
OTIOPHOM IUTUTHI ¥ THAPOLMIIMH/PA C BBIIBUTAIOIINMCS C ITOCTOSHHOM CKOPOCTBIO IITTOKOM.
HUcnbrTanus npoBoasTcs B ckBaxkuHax auamerpom 0,25 m ¢ uatepsaiom He MeHee 0,30 M Ha
nIyouHy 10 5 M. CKOpOCTB BHEIPEHHS HHIECHTOpA B JIEZ MOXKET PEryIHpOBaThCs B Ipesieax
OT TIOYTH HyIeBOH 110 4,5 Mm/c. Bo BpeMs rcnbITaHui (DHKCHPYIOTCS M3MCHEHHE TABICHUS
B THAPOCUCTEME, IIEpEeMEIEHHEe MHACHTOPA IIPH €T0 BHEJPEHUH B CTCHKY CKB)KHHBI U TIO-
SIBIISTFOLIMECS TIPH 1epOPMHUPOBAHIH JIbJIa aKyCTHIECKHE CHTHANIBL. Paspymaroniye naBieHns
Ha Pa3MYHBIX TOPH30HTAX JIEASHOTO 00pa30BaHMs NIEPECUUTHIBAIOTCS B MEXaHWIECKUE Ha-
TIPSDKEHMS], HA OCHOBAHNH KOTOPBIX CTPOSITCS BEPTUKAIBHBIE paclpeieNeHHs TIPOIHOCTH.

TexHOIOTHHU HCCIeI0OBaHNSI BHYTPEHHETO CTPOCHUS TOPOCOB M CTAMYX OCHOBA-
HBI Ha Pa3IMYHBIX (U3MYECKUX MPUHINIAX: OLEHUBAHWS IPOYHOCTH JIbJa C MOMOIIBIO
30H/I-MHAEHTOPA W ONMCAHUS CTPYKTYPHBIX SJIEMEHTOB BHYTPH JIEISHBIX 00pa30BaHHUN
10 CKOPOCTH ABIKEHHS OypOBOTO CHapsia mpu TepMoOypenun. CpaBHEHHE IOy YSHHBIX
Ppe3yabTaToB MO3BOJSET BBIACINTH KaK OOIIME 3aKOHOMEPHOCTH pPAaCTIpeeTICHUs XapaK-
TEPUCTHUK, TAK U MHAUBHAYaJIbHbIE 0COOCHHOCTH KaXKI0TO M3 MeTooB. PaccMoTpum nBa
MIOAXOJa K CPAaBHEHHUIO PE3YyNIbTaTOB, MOMYYEHHBIX STUMH JIBYMsI METOIAMH.

SMIIUPUYECKUI MTOIXO]

CKBa)KHHBI JUI IPOBEACHUA HCITBITAHUH C IMOMOIIBIO 30HA-UHACHTOPA, KaK IIpaBulio,
COBIIAIAJI CO CKBXMHAMHU TEPMOOYPEHUSsI; paCCTOSHUE MEXIy HUMH HE IPEBBIIIAIIO
ofHOTO MeTpa. TepMoOypeHHe BBIIOIHSIIOCH TIOCIIE 30HI-MHACHTOpA U HE BIIMSUIIO HA pe-
3yJIbTaTbl 30HAUPOBAHMA. Ortcuer ypOBHeﬁ SOHAMPOBAHUA OCYHICCTBIIAJICA OT IOBEPXHOCTU
JIbJIa, @ TIPU TEIJIOBOM OypeHWH OT ypOBHS BOJbI B CKBaXkuHe. [Ipu conocTaBieHun pe-
3yJIbTaTOB TepMo6ypeHm1 1 30HAUPOBAaHWA BCE TaHHBIC O rny61/1He MPpUBOAWIHCH K YPOBHIO
BoJbl. Ha puc. 1 npuBeneHa xapakrepHas 3aliuch 3aBUCUMOCTH CKOPOCTH TEPMOOYpeHHs
OT IIyOMHBI, M Ha TOT e rpaduK HaHEeCEHb! YPOBHU 30HAMPOBAHUS U JIOKAJIbHAS MIPOY-
HOCTb JIbJIa [7] Ha 3THX YPOBHSIX.

B mae—wurone 2004 1. B OOCKo# ry0e MpOBOIMINCH UCCIISI0BAaHUS MOP(POMETpHYe-
CKHX M TIPOYHOCTHBIX XapaKTEepUCTHUK rpunas. JIeq cocTosyl B OCHOBHOM M3 KPYHHOOJIOU-
HBIX KPUCTAJJIOB HETIPABUIBHOM ()OPMBI, COOTBETCTBYIOIIUX CTPYKTYpHOMY THITy Al, 4TO
00YyCJIOBJIEHO PaHHUMHU CPOKaMH YCTOMYHMBOIO JienooOpazoBanust. TekcTypa 3TOro Tumia
JibJa MOHOJIUTHaA, B CJI0AX C MUHHUMAJIbHBIM KOJIMYCCTBOM BKJIIOYEHUH 3HAYEHUS ILIOT-
HOCTH TPECHOTO JIbJia MPUOIIKAINCh K cBoeMy Makcumymy — 917 kr/m3. K momeHTy
Hayaja IpoBelleHHsl paboT TeMIeparypa Jjbja nossicuiack 10 0 °C, u ee BepTHKaIbHOE
pacripezienieHle CTallo OTHOPOJHBIM.

PaccTosinne ot OypoBOIl CKBa)XKMHBI 0 CKBa)KHHBI 30H/I-MHJIEHTOPA KOJIe0aloch
B mpenenax 0,15... 0,25 m. [TogaBaemast Ha TepMOOYp 3ICKTPUUECKAs MOIIHOCTH ObLIa
MIOCTOSIHHA B T€YEHHUE BCero OypeHus. [ljist Ka)k1oro ombITa Ha COOTBETCTBYOLIEH 3arnucH
CKOPOCTH OBUI BBIZICJICH YYACTOK Ha IIKaJIC IIIyOHH, Ha KOTOPOM POUCXOAMIIO BHEAPEHHE
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Puc. 1. ConocraBieHne JOKaJIbHOH NMPOYHOCTH JIbJA M CKOPOCTH TEPMOOYpEHHMS 10 TIIyOWHe HcC-
IBITaHUI: | — CKOPOCTh; 2 — IPaHUIbI KOHCOIUAUPOBAHHOIO C€l10s; 3 — JIOKallbHasl IPOYHOCTD;
4 — U3MepeHHOe 3Ha4YEHHE JIOKAIbHOI IPOYHOCTH

Fig. 1. Comparison of the local strength of ice and the speed of thermal drilling by the depth of the test: 7/ —
speed; 2 — consolidated boundary boundaries; 3 — local strength; 4 — measured value of local strength

30H/I-UHICHTOPA B JIell, © PACCUNTaHA CPEIHSSA CKOPOCTH IICKTPOTEPOMOOypa Ha 3TOM
yuacTke. Beero momyunnocs 78 map 3HaueHMH cpeHEeN CKOPOCTH Ha y4acTKe U COOT-
BETCTBYIOIIEH 3TOMY Y4aCTKY JIOKAJIbHOM MPOYHOCTH JIbAA.

AmnanorngHas paboTa IpOBOIIUIACE BO BPEMS JISJOMCCIICIOBATEIECKUX padoT B baii-
naparkoii ryoe B 2010 . Torna 6110 osTy4eHo 74 mapbl 3HaY€HUI CKOPOCTH U MIPOYHOCTH,
HO YXe€ JUIsl COJIEHOTO JIbJIa. 3a CUeT HAJIM4YUs B COJICHOM JIbJY SAYEEK C PACCOJIOM CKO-
pOCTh OypeHHUsT COIICHOTO JIbJIa BEIIIE, YeM CKOPOCTh OypeHUs MpecHoro jibaa. Hamporus,
C TOBBIIIEHUEM COJIEHOCTH MPOYHOCTH JIbJ]a YMEHbIIAETCA. DTH TEHACHIIMU U3MEHEHUS
CKOPOCTH OypEeHHUs U TMPOYHOCTH JIbA IIPH MTOBBIIICHUH €T0 COJICHOCTH JAIOT OCHOBAHUE
Ut OOBEIMHEHUS 3TUX JaHHBIX B OWH MaccuB. COBMECTHAs quarpaMMa, CBS3BIBArOIIast
CPEIHIOI CKOPOCTh OYpEeHHs Ha yYACTKE C COOTBETCTBYIONINM 3HAYCHHEM JIOKATBHOW
npovyHocty apaa, s 2004 u 2010 rr. npuBeaeHa Ha puc. 2.

OyHKIMOHATBHAS CBS3b CKOPOCTH OypeHUS W JOKaJbHON MPOYHOCTH JIbAA MPeI-
CTaBJICHa 00JaKOM TOYEK HETPABHIBHOM ()OPMBI U Ha TIEPBBII B3I TPYIHOOPEICTHMA.
Takast CBSI3b IPUMEPHO C OMMHAKOBOW TOYHOCTHIO MOXKET OBITH OMKCaHA Pa3TUIHBIMH
aHAIMTHYECKAMU BRIpOXKEHUSIMA. B Hamem ciydae miaBHOe TpeOOBaHUE K MaTeMaTHUe-
CKOW MOJIENH JUTsl TaKOH CBSA3M — YHOOCTBO ee UCTONb30BaHus. [pyroe TpeboBanne —
COZIEPKATENIbHOCTh, WM UHTEPIPETUPYEMOCTD, HA IAaHHOM JTalle aHaju3a MPaKTUYEeCKU
HeTOCTIKUMO. [ToaTOMy OBLITO MIPUHATO PEIICHHUE CYUTATH CBSI3h CKOPOCTH U MIPOYHOCTH
JBJIa JIMHEHHOH, Kak HamboJee MPOCTOe, U BOCIONB30BATHCSA HANCKHBIM METOJOM Hau-
MEHBIIUX KBaAPaToB. YpaBHEHHE JIMHEMHON perpeccuu mpuBeeHo Ha quarpamme. OnHako
JTANbHENIINHI pacyeT MapaMeTpoB MOJIOCH HEONPEIENEHHOCTU JaHHBIX MOKa3all TPYIHOCTD
ee OTpeeNIeHUs U3-3a MAJIOCTH OOIIETO YUCIIa MPOBEICHHBIX m3MepeHuit. [losTomy s
YOPOIIEHHS OMUCAaHUs HalleH (YHKIHOHATBHON 3aBUCHMOCTH OBLIO PEIICHO UCTIONB30-
BaTh ypaBHEHUS OIPaHUUYMBAIOMIMX TOYKU JUHUN. DTU ypaBHEHUS TAKKe MPUBEIACHBI Ha
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Puc. 2. lnarpamma cBS3M JOKaNIbHON MPOYHOCTH JIbJIA G U CKOPOCTH 3JIeKTpoTepMoOypenus V mo
JAHHBIM HCCIIEA0BAHUS POBHOTO IPECHOBOAHOTO JibAa B OOcKoii ryde B 2004 I. 1 MOPCKOTo JbJia B
Baiigapankoii ryoe B 2010 .

[TyHKTHpHBIC JTHHUU OrPaHUYMBAIOT 00JACTh, 3aHUMAEMYIO DKCIIEPUMEHTAIbHBIMUA TOYKAMU HA JHarpamme.
CrutomHas JMHUS — JIMHUA JIMHEHHOW perpeccun

Fig. 2. The diagram of the relation between the local strength of ice ¢ and the rate of
electrothermobulation V according to the study of fresh freshwater ice in the Ob Bay in 2004 and
sea ice in the Baydaratskaya Bay in 2010.

Dotted lines limit the area occupied by the experimental points on the diagram. The solid line is the linear
regression line

Auarpamme. Takum o6pa30M, BOCITIOJIB30BaBIINCH OTUMHU YPABHCHUAMH, MOKHO OLICHUTDH
WHTEpBaJl, B KAKOHM MOMaJaeT 3HaU€HUE JIOKAJIbHOM MPOYHOCTH MPU U3MEPEHHOM CKOPOCTH
OypeHwusl, 1 MaTeMaTHuecKoe OXKHIaHue ATOro 3HadeHus. Hanpumep, TepMoOyp poxoauT
nen co cpenneii ckopoctbio 0,0044 m/c. Torna jokaiibHasi MPOYHOCTH ATOTO JibJa OyneT
JexaTh B uHTEepBasie ot 8,5 mo 20,5 MIla u Hanbosee BeposTHo Oyner paBua 13 MIla.

Ha puc. 3 npuBeneHsl AuarpaMMBbl CBSI3U JIOKAIBHON MPOYHOCTHU G JIbJ]a U CKOPOCTH
TepMoOypeHus: V, MOCTPOCHHBIE N0 JaHHBIM MCCIIEIOBAHUS TOPOCOB M POBHOTO JIbJa
nposiuBa Illokanabsckoro B 2016 1. 31ech IPOU3BOAMIOCEH yIKE BOASHOE OypeHHUe, MOITOMY
CKOPOCTb IPOXOJIKH TepMOOypa 3Ha4HMTEeNbHO BbILIE. [I0CKOJIBKY B 3JEKTPOTEIIOBOM
OypeHHUH JIbia U B OypCHHH JIbJa TOPSYCH BOMOHM HCIONB3YETCS OJUH U TO )K€ MPHH-
LIUIT — pacIlIaBieHUe JIbJia U 32 CYET 3TOr0 MOTPyKEHUE TepMOOypa, OTIMYUE TOJIBKO
B CIIOCO0E 10ja4y Teruia Ko JIbJY, HeT HUKaKUX METOANYECKUX OTPaHUYEHHHN /sl IOMCKa
CBSI3M CKOPOCTH 00OMX BHJIOB OypeHHMs1 C MPOYHOCTHIO JibJa. /st CpaBHEHUSI C 3JIEKTPO-
TepMOOYpEHHEM MPUBEJICHBI [Ba rpadiKa, OTIIMYAIOIINECs TEM, YTO Ha IIEPBOM HMHTEPBAJ
yCpeIHEeHHs CKOPOCTH paBeH quameTrpy uHaeHTtopa (0,09 M), a Ha BTOpOM — MOIOBUHE
unTepBana 3ouauposanust ((0,30 m)/2 = 0,15 m).

Bonpoc BriGOpa MHTEpBaIa YCPEAHEHUS] CKOPOCTH HAXOAUTCS B CTaIUM H3Y4YEHUS,
MOCKOJIBKY JI1 BBIBEPECHHOT'O PCHICHUA HECAOCTATOYHO SKCICPUMCHTAJIBHBIX HaHHBIX.
IIpencrapnsercs, 4To IpyU NPAKTUYECKOM IIPUMEHEHUU YPABHEHUI U1 OLEHKY JIOKAaJIbHOI
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Puc. 3. luarpamma CBsI3H JIOKQJILHOM IIPOYHOCTH JIbAA G M CKOPOCTH BOISHOTO TepMoOypenus V o
JTaHHBIM HcclleoBaHKs TOpocoB B rpoinuse Lllokansckoro B 2016 r. IHTepBan ycpeHeHUs CKOPOCTH:
a) — 0,09 M, 6) — 0,15 m.

HyHKTP[pHBIe JIMHUU OTrpaHUYINBAIOT 06J'IaCTB, 3aHUMAaeMYyH SKCIIEPUMCHTAJIBHBIMU TOYKaMHU Ha AUarpaMme.
CrutonHble JIMHUM — JIMHUHM JIMHEHHOMN perpeccun

Fig. 3. The diagram of the relation between the local strength of ice ¢ and the water-drilling temperature
V according to the data of the study of hummocks in the Shokalsky Strait in 2016. The interval for
averaging the velocity: @) — 0,09 m, 6) — 0,15 m.

Dotted lines limit the area occupied by the experimental points on the diagram. Solid lines are linear regression lines

MIPOYHOCTH JIbJIa IO CKOPOCTH OyPEHUsI AJIsl Pa3HBIX HHTEPBAJIOB YCPEAHEHHUS PE3YIbTaThI
OymyT ONTU3KH, TIO KpaiHeH Mepe, JUTi Anana3oHa CKOpPOCTEH, Te MPUCYTCTBYET HanOO0Ib-
IIee CKOIUIEHNE TOYEK, T.€. Hanbojaee HHTEPECHOTO.

Taknum 00pa3oM, MOXXHO KOHCTaTHPOBATh CIEAyIOIIee: Ha JAaHHOM 3Tarle OHO3HaY-
HOH CBSI3M CKOPOCTH TEpMOOYPEHUSI M IIPOYHOCTH JIbJja He 0OHapyskeHo. OnpeneneHHon
CKOPOCTH T€PMOOYpPEHHSI COOTBETCTBYET JHAIa30H JIOKATBHON MPOYHOCTH JbJa, OT KO-
TOPOTO MOKHO MEPEHTH K MPOYHOCTH CTaHAAPTHBIX 00pa3OB MPH OXHOOCHOM CXKATHU.
ITpu BBICOKHX CKOPOCTSIX OypeHHs MOXKHO J€TaTh BBIBOJ, YTO MPOYHOCTH IPOXOIUMOTO
TepMOOypOM JIbJIa HEBBICOKA. [IpH cpesHNX 1 HEOOMBIINX CKOPOCTIX OypeHHs AHana3oH
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pa36poca 3HAYCHUMN IMPOYHOCTH JIbJla paClINpsACTCs, U, XOTs €ro HEHTP CMCUIACTCA B CTO-
POoHY OONBIINX 3Ha‘leHPII>‘I, OJHO3HAYHOT'O BbIBOJA O MPOYHOCTH JibJla CACIATh HECJIb34. 210
SABJIACTCA OCHOBAHUCM TSI IPOBEACHUSA ,Z[aJ'II;HefIHIPIX PICCHC,I[OBEIHI/II;’I.

CTATUCTHYECKHM OIXO/1

BTopoif mogxon K CpaBHEHHUIO pPe3ylbTAaTOB, MOJYYEHHBIX C MOMOIIBIO 30H-
HWHACHTOpA M TEPMOOYPEHHsI, 3aKJIF0YAaeTCs B aHAJIN3€ CPEIHECTaTUCTUYECKUX pacipe-
JIeNIEHU TPOYHOCTU M CKOPOCTH OypeHus 1o niyouHe. PaccMoTpum ero Ha mpumepe
JIAHHBIX TEPMOOYPEHHsI U 30HI-WHACHTOPA, MOJIYUYECHHBIX B PE3YJbTaTe HUCCIICIOBAHMUS
TopocoB Kacmuiickoro mops B 2013 .

CornacHo 3aKOHY COXPaHEHHsI SHEPTUH CBS3b CKOPOCTH TEPMOOYPEHHSI € MOIaBaeMOi
MOIITHOCTHIO MOYKHO BBIPA3UTh KaJOPHUMETPUICCKOHN (hOpMYyIOii:

KP
- A[p(l— a— s) (—cl.tl. + L) -p,sc.t + (p(l— a-s)+ pws) c,t

wow

SO
]

rje V — CKOpOCTh MOTpYKEHUs TepMOOypa, M/c; P — momaBaemasi Ha TepMoOyp TeIUio-
Basi MOIIHOCTB, BT; K — k03 (hUIIMEHT, yUUTHIBAIOIINHA paccesHHE Teria yepe3 OOKOBYIO
MMOBEPXHOCTh KOPOHKHU TepMoOypa (K.IL.J. TepMoOypa); A — IJIOIIa s MUICICBA CCUCHHS
KOPOHKH TepMoOypa, M%, p — TUIOTHOCTh MOHOKpHCTA/LIA JbJa, KI/M3, a — 00beMHOE
coziepkaHue BO3yXa BO JIbAY; § — O0OBEMHOE COZIEPKaHUE PACCONa BO JIbY; ¢, — TEIIO-
EMKOCTb 4MCTOrO JbJa, Jix/(kr-rpa); t, — Temneparypa nbaa, °C; L — yjenbHas Temnora
TUIaBNeHus bJa, JK/Kr; p — IJIOTHOCTh pacriiaBa, KI/M*; ¢, — TEMIOEMKOCTh paciia-
Ba, Jlx/(xr-rpan); t — Temmeparypa pacniasa, °C. Onpenenim 0o0beMHOE ColepiKaHKe
TBepaoi daswl nbaa V , (a66pesuarypa Volumetric Content of Ice) xak

V,=1-a-s. 2)
Bemunna V ., ananorndna ko3 QuIuenTy 3a0IHEHHS, HO HECKOJIBKO MEHBIIE €10,
T.K. yYUTBHIBAET HAINYNE MUKPOIIOpP B OJIOKAX JIbAA.
IIpeobpazyem dopmyny (1) k Bugy
V= KP
A[p(l— a-s) (—c[.tl. +L+c.t, ) +p,sc, (tw —t ):I .

B 3namenarene dopmyib (3) ynenbHast Teruiora rarieus ibaa L = 335 k/hx/kr. YaenbHas
TEMIOEMKOCTB JIbaa ¢, = 2,093, ynenbHas TemnoeMKkocTb Boabl ¢, — 4,187 kJx/(kr-K).
Temneparypa npaa t, kak mpaBmito, Haxoautcs B npeaenax 0...—10 °C, temneparypa Tanoi
BOJIBI IO JAHHBIM 3KcTiepuMeHTOB He mpeBbimaer 30 °C, coleHOCTh JIbJa § B MOAABIIS-
fo11eM OOJIBIIIMHCTBE CiTydaeB He mpeBsImaeT 11 %o. YmenbHOe copepikaHue My3bIPHKOB
BO3ayXa HaxomuTcs B mpeaenax 10 %. Takum oO6pa3oM, mepBoe ciaraeMoe B KBaJAPaTHBIX
ckoOkax (3) Oymer He meHbIne, yeM 918-(1-0,1-0,11)-(2,093-0+335+4,187-30) = 2,4-10°.
Bropoe e ciaraemoe He npesbicut BenmuuHel 1003-0,11-4,187-(30—(—-10)) = 1,8-10%
[TpeneOperast BTOPBIM CllaraeMbIM, a TAKXKE CJIaraéMbIM Cl, Kak CIlaraéMbIMU BBICILETO
Nopsi/iKa ManocTu B 3HaMmeHarene Gopmyinsi (3), u3 (2) u (3) ckopocts Oypenus V oOparHO
HPONOPIHOHATIEHA 0OBEMHOMY COINEPIKAHMIO TBEPIOH (asel mbaa V .

KP 1
Vo = ApLren)
p(L+c

(€))

= )
W"tM’) V

3a cueT BBICOKOU TEIIOBOM HHECPHUHUOHHOCTHU HarpeBaTenLHoﬁ KOPOHKHU DJICKTPO-

TepMo6ypa BIMSHHE 00BEMHOIO CoZCpKaHus TBepZ[Oﬁ (1)331)1 JpJ1a VC[ Ha K.I1.JT. KOpOHKH,
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T.e. Ha KO3 dunuent K, Oyaer He3HAUUTENbHO. DKCIIEPUMEHTHI, IPOBeieHHBIE B 1999 1.
B JIaboparopun ¢usmueckoro monenuposanus (HpiHe — YMI] «Jlamora»), nokasamnm,
gro k03¢ ¢unnent K npu OypeHnH 1abopaTOpPHOTO JbJa Pa3InIHON COJIEHOCTH U C pa3-
JIMYHBIM COJIep)KaHHEM BO3JYLIHBIX BKIIOUEHHH M3MEHsIICA B npenenax 6 %. ComtacHo
pacueraM [5], OTHOCUTEIbHAS TOJIS TEIUIOBOM SHEPTHHU, pacCenBacMoOl B TBEpIOH (ase,
YMEHBIIAETCSI C POCTOM CKOPOCTH IUIABJICHUS M YMEHBLIEHHEM ITapaMeTpa yIIMHEHHOCTH
HarpeBaTeIbHON KOPOHKH, T.€. COOTHOIIEHHS €€ BBICOTHI M auamerpa. Jns ckopoctei
IUIABJICHHS, COOTBETCTBYIOUINX JIbJY, H IIapaMeTpa YIJIMHEHHOCTH KOPOHKH TepMoOypa
AAHUMU, paBHOTrO 1/7, Momst paccenBaeMoid TEIIOBOW SHEPTHH CTAHOBHUTCS IIPEHEOPEKHU-
Mo Masioi. Takum 0Opa3oM, B IEPBOM NMPHOIMKEHUH MOXKHO CUUTATh, YTO KO3 (PUINEHT
MIPOTIOPIIMOHATIBHOCTH MEX/Ty BEIWYMHON, 00paTHOH cKOpocTH OypeHus, W 3HaYeHHEM
00BEMHOTO conepsKanus TBepHoH (aswl baa V., B (3) He 3aBUCHT OT CaMOM BEIMIUHEI
00BEMHOTO cofep>KaHusl.

Pacnipenenenne ckopocTH MOTpyXeHHsI TepMOOypa BIOIb CKBaXKHHBI corsiacHO (3)
JIaeT pacripefesieHne 00beMHOTO COJep KaHusl TBepAoil (assl JibJja B OTHOCUTEIBHBIX
€IMHUIIAX, TOCKOJIBKY KO3 (HUIMEHT IIPOIIOPIMOHANBHOCTH Mexay V ., 1 1/V nmeeT pas-
MEPHOCTb CKOPOCTH. Tounble 3HaueHus V ., HEW3BECTHBI, T.K. HEM3BECTEH KOI(QPHUIMEHT
TPOTIOPIUHOHATBLHOCTH MEXTY V ., ¥ BETMIMHOMN, 00paTHOH ckopocTH. Ilockombky koad-
(UIMEHT TPONOPIUOHAIBHOCTH MIPUHAT KaK BEJIMYMHA MOCTOSHHAS, JUIS yIIPOLICHUS
B JaJIbHENIIEM B KaUECTBE 3HAYEHUH V ., NCTIONB3YIOTCS 3Ha9eHusA 1/V KaKk HEKME OTHOCH-
TENbHBIC BEIMUMHBI. I KaX 10l CKBaXXHUHBI 3TO pactpesereHne OyaeT HHANBUIYaIbHBIM.
YcpenHnB 3TH KpUBBIE IO BCEM CKBR)KWHAM, MOXKHO ITOJIYYHTh CPEIHEE paclipeaesieHue
00BEMHOTO cofep)kaHus TBepAOoH a3kl baa Mo MIyOuHe AJsl BEIOPAHHOTO OTJEIHHOTO
TOpOCa WM Ul BCEro pailoHa NMPOBEJCHUS MCCIENOBAaHUN. YCPEIHEHUE MPOUCXOIUT
cienyromumM obpasom. ITocieroBarensHO paccMaTpUBAIOTCS BCE TIIYOWHBI OT MaKCHMallb-
HOTO 3HAY€HHMs BBICOTHI IIapyca JJO MUHUMAJIBHOTO 3Ha4eHHs DTyOuHbI kuist. Ha xaxmon
BBIOpaHHOH ITyOMHE ycpenHsIoTcs 3HadeHus 1/V BO BceX CKBaXXMHaX, COOTBETCTBYIOLIHE
3TOM mIyOmHe. B Tex Toukax, rie paccMarprBaeMas NIyOWHa BBIXOAUT 32 ITPEIeIIbI apyca
WIN KWis, 3HadeHue 1/V npuHuMaeTcs paBHBIM HYITIO.

[ponenas 3Ty orneparyio co BCEMH 3alHCSIMI COBMECTHBIX Todek Oypenwus (Bcero 108
CKB)XHH), TIONYIHM 3aBUCHMOCTD V., TIPUBENEHHYIO Ha pHC. 4a. OnpeeNenne rpanui
KoHCOMMaupoBanHoro cios (KC) mo stoit kpusoii Oyner BanuanbM. Kpusas V ., B oOnacty
0,4...—0,9 M mpencrapnsgeTr coboit HHTETPATBHOE PACIpECICHIE BEPOATHOCTH HAINIHS
JbJIa B 3TOM JMaIa30He NIyOrH, KOTOPOE OMpeeNsieTcsi pa30pocoM IOJIOKEHHs BEpXHEH
n HwkHel rpanul KC. Cpennee nonoxxenue BepxHed rpanunsl KC MOXKHO NOTy4HTH
yCpeIHEHHEM IOIy4YE€HHOH 3aBUCHUMOCTH B Iuarna3oHe nryouH 0,4...0 M, rae mpoucxomur
peskoe ysenndenue V. Oto 3Hadenne paHsercs 0,19 M. AHaNOrHYHBIA pacueT naeT
cpennee monoxenue HwkHel rparnisl KC Ha ropusonte —0,45 M. O0mias rommuaa KC
COCTaBJIIET, TAKUM 00pa3oM, B cpenaeM 0,64 M.

Bropoii BapuaHT ycpeaHEHUs: T€ TOUYKH, B KOTOPBIX paccMaTpuBaemas ITyOnHa
BBIXOJMT 3 MPEAEIbI ITapyca Wi KHUilsl, He paccMarpusatoTcs. Ha puc. 46 npencrasien
TaKoOl BapHaHT yCpPEIHEHHUS.

TodHO Tak >ke Mo MepBOMY M BTOPOMY THILy YCPEIHSEM CTyIEeHUYaThle JIMHUHU JIO-
KaJIbHOW MpoYHOCTH Jbaa (cM. puc. 1). Puc. 5a mokassiBaeT ycpeaHEHHOE IO BTOPOMY
THUITy pacrpezeieHue 1o nryounne. Eciy HCKITIOUNTh aHOMAIBHO BBICOKHE 3HAUYSHHUS MTPOY-
HoctH (12,6 MIla) Ha ropu3oHTe 2,4 M B OHOI M3 CKBAXHH, KaK PE3yIIbTaT U3MEPEHIS,
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Puc. 5. YCpe}lHeHHOG 110 BTOPOMY THUILY pacpeACIICHUC JIOKaJTLHOM IIPpOYHOCTH JibJa.

a) — cpenHss JOKaJbHas MPOYHOCTH JIbJIA; 6) — Ta Ke 0e3 IKCTPEMAaIbHOTO 3HA4YEeHHs Ha TOpH30HTE 2,4 M
B OJIHOM M3 CKBAKHH

Fig. 5. Averaged over the second type of distribution of local ice strength.

a) is the average local ice strength; 6) is the same without an extreme value at the horizon of 2,4 m in one of the wells

BBIJEISIOIMICSA U3 00IIeil BEIOOPKY, TOTA ITOMYYHUTCS KapTHUHA, IPEeICTaBICHHAs Ha
puc. 56. OueBuano, 4to BoImIe 0,28-0,29 M («monka» npouHoctu 8—11 MIla) nmokansHas
MPOYHOCTH PE3KO YMEHBIIAETCS, YTO YKa3bIBAaeT Ha TO, YTO BBILIE M3MEPSETCs HE MpoU-
Hocth KC, a mpounocTs mapyca.

CosmecTnbie rpaduku V , ¥ 30HA-UHACHTOPA IPEACTABIEHBI BBIIIE (CM. PHC. 4).

Ha puc. 6 mpuBenena ructorpamma 346 3HaYCHHUH JTOKAIHHOW MPOYHOCTH. J[Ba
OCHOBHBIX MaKCHMyMa yKa3bIBalOT Ha TO, YTO Ha I'MCTOrPaMMe OTpaKeHa IPOYHOCTb
IBYX pasnuyHbIX cpell — KC 1 HeKOHCOIMANPOBAHHON YacTH TOPOCOB, B OCHOBHOM 3TO
HEKOHCOJIMUPOBAHHBIA KHJIb. MUHUMYM MEXTY STHMH ITHKAMU COOTBETCTBYET 3Hade-
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Puc. 6. I'mcrorpamMma pacripeneneHus 3HaUCHUH JIOKaJIbHOW IPOYHOCTH (1 = 346)
Fig. 6. Histogram of distribution of local strength values (n = 346)

HUIO JIOKaJIbHOM Npo4HOCTH, paBHOMY 6 MIla. M. JlsxoHcToH U A. Bapkep [7] npusonst
JAHHBIE O JIOKAJIbHOW IMPOYHOCTH, MOTyUYEHHBIE C MOMOLIBIO 30H-UHJCHTOPA, a TAKXKe
LUTHPYIOT Ipyrue uctoyHuky. [1o ux nudopmanum, npounocts KC Haxoxures B npepenax
10...20 MIla, nonmxasice 10 Hyns Ha HikHed rpanune KC. BBugy oTcyTcTBHSs KpuTe-
pueB muauManbHOM npoynocty KC, npumem 3Hauenune 6 MIla B kauecTBe IOPOroBOro.

C y4eToM NpHUHATOTO KPUTEPUS PACCMOTPUM CpEHEE paclpeieIeHUe JOKaIbHOI
MIPOYHOCTH (CM. pHC. 4a). 3HAYEHUIO JIOKaIbHOU npouHocTH 6 MIla cOOTBETCTBYIOT TiTy-
ounbt 0,09 u —0,49 M. To ectp B amanazone mryoun 0,09... —0,49 M cpenHee 3HaYCHHE
JIOKaJIbHOHM IIPOYHOCTU HAXOAUTCA B JUana3oHe, cooTBeTcTByromeM npounocty KC. Takum
00pa3oM, 3TH 3HaUCHHUS TIPEJICTABISIOT cOOOH OLICHKH cpenHero nosoxeHus rpanui KC.
Tonumnaa KC B aToM ciyuae cocrasisiet 0,58 m.

Ha ropuzonre —0,80 M u npouHoctu 2,6 MIla HaOmogaeTcst U3JI0M TpeHAa KpUBOU
(cM. prc. 56), 94TO MOXKHO paclieHHBaTh Kak OKOHuYarespHbIH nepexon ot KC k Henocpen-
cTBeHHO Km0, Huxe ropuszonra —0,80 M cpenHsis NpoyHOCTh JIbAa cocTasiser 1,4 MIla
U ABISETCA OLECHKOM MPOYHOCTH KUJIA.

CoBnagenue GpparMeHToB rpadukoB (cM. puc. 4a), OTHOCSIIMXCS K HAABOIHON YacTH
TOPOCOB, OOBSCHSETCSI TEM, YTO SKCIIEPUMEHTHI 0 JIOKAJBHOM NMPOYHOCTH JIbJla HAuH-
HAJIUCH C TIOBEPXHOCTH JibJIa (C COOTBETCTBYIOLIMM 3arilyOJeHHEM), TOITOMY €CIH HET
JIbJIa, COOTBETCTBEHHO, HET ¥ Npo4HOCTH. [loaBoaHAs YacTh rpaduka cpeHeil MPOYHOCTH
Ha puc. 4a Hmwxe ropuzoHTa —1,30 M QaKTUYECKH TEPSET CMBICH, T. K. 30HANPOBaHHE
HE IIPOBOJMIOCH 0 KOHIA CKBaXXHHBI, a MPEKPAIalIOCh B CPEIHEM HAa 3TOM T'OPU3OHTE.
KpuBast npouHOCTH K 3TOH NIIyOMHE MPAaKTHYECKH YXOOHUT B HOJb, XOTS PEaJbHO MPOU-
HOCTb KUJIl HEHYJIEBasl.

BbIBO/JbI U 3AKJIIOYEHUE

OrnpeneneHHol CKOPOCTH TepMOOYPEHHUS COOTBETCTBYET AUANIA30H JOKAIBHOMN IPOU-
HOCTH JIbJIa, OT KOTOPOTO MOXKHO IEPEHTH K MPOYHOCTH CTaHAAPTHHIX 00pasloB IMpH
OJJHOOCHOM CKaTHuu. HpI/I BBICOKHX CKOPOCTAX 6ypeHI/I$I MOXHO A€JIaTh BBIBO/I, YTO IIPOY-
HOCTbH MPOXOUMOTO TEPMOOYPOM Jib/ia HeBBICOKA. [Ipu cpeqHIX U HEOOIBIINX CKOPOCTIX
OypeHwust Auara3oH pa3dpoca 3HaYeHH POYHOCTH JIbla PACIIMPSETCS, U, XOTS €r0 LEHTP
CMEIIAaeTcsl B CTOPOHY OONBIIMX 3HAYCHUIl, OJHO3HAYHOTO BBIBO/IA O MPOYHOCTH JIbJIA
clenatb Henb3s. TeM He MeHee B pe3ylbTare BHINOJHEHHOMH paboThl MOJyYeHbl YpaBHe-
HUA TPAMBIX, HA OCHOBEC KOTOPBIX MOTYT OBITh TMOJIYYCHBI OIICHKH NPOYHOCTH JIbJA 110
CKOPOCTH €ro TEIUIOBOTO OypeHHs.
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Mo manHEIM TEpMOOYpeHHs cpeaHee monokeHne BepxHeit rpannpl KC pacnionaraercs
Ha ropusonte 0,19 M, Hrxuel rpanuiel KC — nHa ropusonre 0,45 m. Tommumna KC cocraBuna
0,64 M. Ilo oueHKe JaHHBIX 30HAMPOBaHUS cpeaHee nonoxkeHue BepxHer rpanuibl KC pac-
nonaraercst Ha ropuzoHte 0,09 M, Hixuel rpanuiel KC — Ha ropuzonte 0,49 M. Tomuna
KC cocrasmna 0,58 M. CpenHsist mpodHOCTh Kiuis orieHeHa B 1,4 MIla. Takum oOpa3om, mpu
JIOCTaTOYHO OOJBIIIOM KONMYECTBE M3MEPEHHH JIOKAIBHON MPOYHOCTH TTO0 HUM, TaK JKE KaK
U TI0 JJAaHHBIM TepMOOYpEHHS, MOKHO OLIEHUTH cpenHee nonokeHue rpanu KC.

s Gosee neTanbHOTO M TOYHOTO aHAJIHM3a JAHHBIX TETJIOBOTO OypeHWS W 30HIH-
POBaHMS HEOOXOAMMO MPOBOANTH HUCHBITAHUS B OMHON TOUYKE. YTOOBI MOBBICHTH COIIO-
CTaBUMOCTb PE3YJIBTATOB, JKEJIATEIbHO B TOUKaX COBMECTHBIX MCIBITAHWUI KpOMe BOIS-
HOTO OypeHHsI IPOBOJUTE OYPEHHS IEKTPOTEPMOOYpOM. DTO MO3BOJIHT ACTATU3NPOBATH
CTPOEHHE TOPOCa, T.K. MIEKTPOTEPMOOypEeHHUE AaeT O0jIee TOUHOE ONPEACIICHNE CKOPOCTeH
MIPOXOX/ICHHS CIIOEB TOPOCA MO CPABHEHHUIO C BOASHBIM OypeHueM. JKemarenpHo Monep-
HHU3HUPOBATh 30HA-MHACHTOP TaKKMM 00pa30oM, YTOOBI IPOBOJUTH NCTIBITAHUS B CKBAXKHHAX,
MIO/ATOTOBJIEHHBIX C TIOMOIIBIO AJIEKTPOMEXaHNIECKOTO KepHOOTOOpHHKa (hupMbl «Kovacs
Enterprise», 94To 1MO3BOJIUT MOJNy4YaTh TOYHBIE NPEICTABICHNS O TEKCType, TeMIeparype
1 COJIEHOCTH JIb/Ia HETIOCPEJCTBEHHO B MECTE MIPOBEICHHNS ONPEIEICHHS IIPOYHOCTH JIbJIA.
Jlst ’xecTKOl MpUBS3KK MOP(OMETPUIECKUX JAHHBIX K JAHHBIM 30HIHPOBAHIS HEOOXOH-
MO pa3paboTaTh onepaTUBHBIA MeTox OrleHKH TomnHbl KC B IONEBBIX YCIOBUSX, YTOOBI
ObUTa BO3MOXKHOCTH OCYIIECTBIISITH penepHoe onpernenenue npounoctu KC B Hanbomee
XapaKTepHbBIX MECTaX, M TEM ITOBBICUTH TOYHOCTh MHTEPIPETAIINE COBMECTHBIX H3MEPEHHH.

BaarogapHocTH. DKcniepuMeHTa bHas 4acTh paboThI BHIIIOJHEHA B PaMKax Ipo-
rpaMMBI pabot ce3oHHON dKcnenuiu «CeBep-2016» BRICOKOMHMPOTHON apKTHUECKOH
skcnienunun (BAD) AAHUMN.
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Summary
In November 2016 a seismic station “Severnaya Zemlya“ with code SVZ was installed on the
Severnaya Zemlya archipelago (Bolshevik island, research facility “Ice base “Baranov’s cape”) by
joint efforts N. Laverov Federal Center for Integrated Arctic Research (Arkhangelsk) and Arctic and
Antarctic Research Institute (St. Petersburg). This station was included in the Arkhangelsk seismic
network and a broadband set of CMG-6TD devices (Great Britain) was installed there.
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Arktiki i Antarktiki. Arctic and Antarctic Research. 2018, 64 (2): 170-181. [In Russian]. doi: 10.20758/0555-
2648-2018-64-2-170-181.

170



I'H. AHTOHOBCKAA, C.M. KOBAJIEB, A4.B. KOHEYHAA, B.H. CMUPHOB, A.B. JAHUJIOB

The microseismic background is characterized by a low level of industrial noise which allows
to obtain the high-quality seismic information. Over 400 regional earthquakes and 25 local seismic
events were recorded by seismic station SVZ within period from November 2016 to December
2017. Processing of regional earthquakes was carried out by us according to the data of at least three
stations. We used wave forms from the Arctic stations of the Arkhangelsk seismic network and/or
other seismological networks, whose stations are installed in the Arctic. In general, the majority of
seismic events occur at epicentral distances of 3.5°—4° (i.e., they are regional) and associated with
Gakkel Ridge. The strongest earthquakes are recorded from the areas of the Knipovich Ridge and
Spitsbergen. Regional earthquakes magnitude range recorded by the SVZ is from 3.1 to 5.4. ML =
2.5 — it is the value of the magnitude from which the station registers earthquakes in full range.
Local earthquakes magnitude range is from 1.2 to 4.9. Weak earthquakes with ML <2.5 predominate.

The difficulty is that out of the total number of regional and local events registered by SVZ
only part of them could be processed according to the standard seismic rule (at least 3 stations). These
events were included in the Seismic Catalogue. The predominant numbers of earthquakes are recorded
only by SVZ station and they can not be included in the Seismic Catalogue due to the low quality
data processing seeing that only one station was used. However, even in the first approximation these
epicenters are confined to Eastern part of Gakkel Ridge, the boundary of the Kara plate and fall into
the zone of the North Taimyr deformation associated with tectonic fault. Seismicity around Severnaya
Zemlya to all appearance associated with an indirect reflection of rifting processes emerging in the
central seismically active zone of the Laptev Sea. The calculation of earthquakes focal mechanisms
recorded by SVZ is currently not possible due to the practical absence of seismic stations in the region.
The task of expanding seismic observation networks in the Russian Arctic is urgent.

IHocmynuna 7 uiona 2018 a. [Ipunama x neuamu 5 urona 2018 e.

Knrouesvle cnosa: 3EMIICTPSACCHUS, MMPEACTaBUTCIIbHAasd MarouTyzaa, CeBepHaﬂ 3CMJ'[$I, ceiic-
MUYECKasl CTaHLIWs.

B crarbe npezcTaBiIeHb! IEPBbIC Pe3yNbTaThl pabOThI MyHKTa ceficMudeckux HabmoneHuit «Ce-
BepHas 3emirs» (SVZ), yeraHoBneHHOro Ha apxumnenare CeBepHas 3emust B Hosiope 2016 . Ha ocHoBe
cefficMHruecKoro Karasora, BKiroyaroiero 400 perHoHaIbHbIX 3eMIICTPSICEHHH 1 25 TOKaJIbHBIX ceficMuye-
CKHUX COOBITHIA, COCTABJICHHOTO [10 pe3yJbTaramM 00pabOTKH MUHIMYM II0 TPEM CeHICMUYECKUM CTaHLIHSM,
[IPOBEJICH aHAJIN3 PErHCTPALIMOHHBIX BOSMOXKHOCTEI! cTaHIMK SVZ 1 CeiCMUYHOCTH PETHOHA B LIEJIOM.
ITo noJty4eHHBIM JIaHHBIM BbIZICIICHBI HAaHOOJIee Fe0IMHAMUYECKU aKTUBHBIC CTPYKTYPBL.

BBEJIEHUE

Pacmmpenue npeacraBieHnit 0 NTyOMHHOM CTPYKType APKTHKH SIBJSIETCS] BaXKHBIM
3BEHOM B ITOHHMaHHUH T'€0JIOTHUYECKHUX 3aKOHOMEPHOCTEH 1 BOCCTAHOBICHUH ITAINlOB 3BO-
mmorun tutocdeps! u kopsl [1]. Hapsay ¢ 6onplimMu 00beMaMu reooro-reopu3ndecKmx
HCcCcIeJOBaHui, NpoBeAeHHbIX Ha 1enbde bapennesa u Kapckoro mopeii, ceiicMonoru-
yecKast H3y4eHHOCTb 3TOI0 CTPATETHUECKU BaXKHOTO AJIS CTPaHBl PETHOHA CYIIECTBEHHO
orcraeT. Kak npaBuiio, oCHOBHO# 0a30#f MaHHBIX Ui OOJNBIIMHCTBA UCCIen0BaTenen
SBIISIETCS KaTasor MextyHaponHoro ceiicMonoruueckoro nentpa (ISC), xoropslit nume-
€T HemNoJHbIe cBefeHus o ceiicMuunocTi CeBepHOro JIemoBUTOro OKeaHa, YTO CBSI3aHO
C PEIKHUM YHCIOM CEHCMHUYECKUX CTAHLUMN, YCTAHOBICHHBIX B 9TOM PEruoHe. B cBs3u
C 9TUM OTKpBITHE KaXXJI0W HOBOH ceficMuueckoil craHiuu B Poccuiickoit ApkTuke sBis-
€TCsl IPEAMETOM 0COOO0TO BHUMAHWUSL.

HYHKT CENCMHUYECKAX HABJIIOAEHUI «CEBEPHAS 3EMJIST»

B xonme 2016 r. copmectapiMu yemmmsaimu OULKUA PAH n AAHUU nHa apx.
Cesepnas 3emurst (0. BonpieBrk, HayYHO-HCCIIEAOBATENbCKAN cTaroHap «Jlemosas 6a3a
“Msic BapanoBa”») Obl1a OTKpEITa ceficMmdeckas ctannus «CeBepHas 3eMiIsD ¢ KOIOM

171



I'EOJIOI'"A U I'EODPU3UKA

Puc. 1. PacrionoxeHne apkTHYECKUX OCTPOBHBIX CTaHIMH ApPXaHTENIbCKOH celicMUIecKoi ceTH (a)
U CpaBHEHHE CYyTOYHBIX CIEKTPOB MOIIHOCTH MHUKpoceiicM cranimu SVZ (6) 3a pa3HbIe MecsIbl
2017 r. ¢ 06o6mmeHneM 1o [2].

NLNM u NHNM — Mozenu HU3KOTO ¥ BBICOKOTO MHUKPOCEHCMHYECKOTO IIIyMa COOTBETCTBEHHO; | — Maii,
2 — aBryct, 3 — OKTI0pb; 4 — nekadpb

Fig. 1. Location of the some Arctic seismic stations of the Arkhangelsk seismic network (a) and
comparison of the daytime microseisms power spectra by SVZ (6) for different months 2017 with
a generalization of [2].

NLNM and NHNM are models of low and high microseismic noise respectively; / — May, 2 — August, 3 —
October, 4 — December
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SVZ (puc. 1a). lanHas craHnus BOIUIA B COCTaB ApPXaHTeIbCKOH CeHCMUYECcKoi ceTu.
B Hacrosimee BpeMsi cTaHIUs HMEET BPEMEHHBIH CTaTyC, KOOPMHATHI €€ PACIIONIOKEHHS:
¢ =79,276° c.on., A = 101,657° B.O., h = 21 M.

CesepHas 3emilsl — KpyIHBII OCTPOBHOW apXUIeNar K cesepy oT I-Ba TailMbIp Ha
rpannne Kapckoro mopst 1 Mopst JlanTeBbIX, OT KOTOPOTO OH OT/AEJIEH MPOIMBOM Buib-
kunkoro. Oxono 47 % miomany apxumnenara MOKpBITO JIEAHUKAMHU, MECTA, TAE JIeIHH-
KH BBIXOAAT K MOpIO, YacTO CIy)KaT MCTOYHUKOM oOpa3oBaHus akcOepros. Ha riryOune
10—15 cm Haxomurcst BeuHas Mep3nora. Ocanounslii yexon Ceepo-Kapckoro Oacceiina
oOHaxkaeTcst Ha ocTpoBax apx. CesepHas 3emisi. DyHIaMEHT B OCHOBHOM CJIOXKEH B pa3-
HOH cTerneHn Ae(OpMHUPOBAHHBIMH U METaMOP(HU30BaHHBIMHU CIIAHIIAMH W [I€CYaHUKaMHU
HEOIpoTepo30si—keMOpus [3].

OmnbIT OpraHu3anuy IMMyHKTOB CEHCMUUECKUX HAaOMIOAeHUH Ha apX. 3emist OpaHia-
Nocuda nozsonmit yuecTb 0cOOEHHOCTH ITOATOTOBKH CEHCMUYECKOTO OyHKepa B apKTHUe-
CKHX YCIIOBHSX [4]. YCTaHOBJIEH MIMPOKOIIOIOCHBIH KOMILUIEKT obopynoBanus CMG-6TD
(BenukoOpuranus). [lepenada ceficMuiecknx JaHHBIX ¢ KOMITbIOTepa craHuuu SVZ ocy-
LIECTBIISIETCS MMYTEM UX CUHXpOoHH3aluu Ha cepeepe AAHUU uepe3 BHYTpEHHIOIO BUPTY-
aNbHYIO ceTb. 3aTeM naHHbIe ¢ cepBepa AAHUMN cunxponusupyrorces yepes3 HTepHeT Ha
cepepe nadopatopuu ceiicmonorun ®UIKHNA PAH, mociie 4ero oHM KOHBEPTHUPYIOTCS
1 TIOMEIAIOTCS B apXUB.

AHanu3 ceicMHUYecKHX 3amuceld ctaHmuu SVZ, mocTynammux B 1adoparopuio
ceiicmonmorun ®UIIKUA PAH, moka3siBaeT, 9T0 MUKpOCEeCMUYECKUN (DOH B TIEIIOM Xa-
paKTepu3yeTcst HU3KMM YPOBHEM TEXHOTEHHBIX IoMeX (pHc. 16), 4To NO3BOISET NOITy4aTh
JOCTaTOYHO KAYECTBEHHBIE CEHCMHUYECKHUE 3aIMCH PETUCTPUPYEMBIX 3emieTpsicenuid. [1o-
BBILIEHHE YPOBHS MUKpOCEHicMIYecKoro ()oHa IIPOMCXOAUT C UIOSi—aBrycTa 110 CEHTIOPS,
YTO CBA3aHO C OOIIMM YBEIHYCHHEM XO3SUCTBeHHOH nesrenpHOCTH Ha HUC «JlemoBas
6a3za “Mpic bapaHoBa™» B JETHHI apKTHYECKUI MMEPHOM, OTKPHITEIM MOPEM H TasHHEM
CHEXHOTO MOKPOBA, CHIDKAIOIIUM BIMSHUE SK30TEHHBIX (hakTopoB. sl cpaBHEHHs Ha
puc. 16 nmpuBeneHo cpenHee 3HAYEHUE YPOBHSI MUKPOCEHCMHYECKOTO (DOHA 3a aBIyCT
2017 r., oTpaxkaromiee odIiee YBEIHICHAE YPOBHS MUKPOCEHCMUYIECKOTO IIyMa.

PETMCTPAIIMOHHBIE BO3MOKHOCTH CEMCMUYECKOIN CTAHIIUM SVZ

IIpoananusupyeM gaHHBIE CTAaHIMU SVZ C TOYKU 3pEHUS PEruCTpaIiy cercMu-
YEeCKUX COOBITHH KaK BaYKHOTO 3BEHA B M3YYEHUM I€OAMHAMUKHU I[EHTPAIBHOHN YacTh
CesepHoro JlenoBuToro okeana. 3a aHaTU3UPyEMbIi HHTEPBaJ ObUTH 3aperuCTPUPOBAHBI
KaK TeleceficMUYecKre 3eMIIETPSICEHUS U3 Pa3HBIX pallOHOB 3€MHOTO IIapa, Tak M Mpo-
SIBIICHUS] PerMOHAJIBHOM ceCMUYHOCTH B ApkTHKe. OOpaboTKa pernoOHAIBHBIX 3eMile-
TPSICEHUH MPOBOANIIACH C TIPUBIICUCHUEM BOJHOBBIX (POPM IPYrHUX apKTHYECKHX CTaH-
uuii B mporpaMMHoM koMmiuiekce WSG [5], anuieHTp onpenessicss METOAOM 3acedek.
Paccmarpusanuchk rogorpadsr NOES [6], pa3paboTaHHbIi B 1a00paTOpUH CEHCMOIOTHH
OUIKHNA PAH, u BARENTS [7], paspaborannsiii B Konbckom ¢unmnane GULL EI'C
PAH B.3. Acmunrom u E.O. Kpemenenkoii. B utore juist nanHoro paiioHa 3a 0CHOBY
ob11 B3sT roporpady BARENTS.

Pezuonanvuvie semnempscenus. 3a nepuop ¢ Hosops 2016 1. mo aekadbps 2017 1.
(BKITIOUMTENIBHO) 3aperucTpupoBaHo cBbie 400 pernoHaNbHBIX 3eMIeTpsiceHuit u 25 mo-
KaJIbHBIX COOBITHI. BOJBITMHCTBO CEHCMHUSCKUX COOBITHI MPOUCXOIUT HA AHUIICHTPAIb-
HBIX PacCTOSIHUSAX 3,5°—4° (T.e. ABISAIOTCSA PETHOHAIBHBIMHU), ML .= 2,5 — 3T0 3Ha4YeHHe
MarHuTy/Ibl, HAYMHAas! ¢ KOTOPOM CTaHIMS PETUCTPUPYET 3eMIIETPSACCHHUS B MIOIHOM 00beMe,
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Puc. 2. IlpocTpaHcTBeHHOE paclpeieseHue 3eMIeTPSICEH M, 3aperucTpUpOBaHHbIX cTaHIuell SVZ
3220162017 rr. Ha KapTe HEOTEKTOHUYECKUX CTPYKTYp U aKTUBHBIX Pa3JIOMOB 110 [8, 9] ¢ ucnosb-
30BaHUEM CTaHIAPTHOH 00pabOTKU (MHHUMYM TPH CEHCMHYECKHE CTAHIINK) U PE3YJIbTaThl JIOKALUH
0 TaHHBIM TOJIBKO CTaHIUHU SVZ.

Hoseiimme pasnomsr: / — cOpocsl, 2 — B30POCHI, 3 — HEYCTAaHOBIEHHOTO THIIA; 4 — 3EMICTPACEHHUS; 5 —
3emnerpsicenns 3a 1900-2014 rr. o nanasM ISC; 6 — 3eMieTpsceHusl, 3aperucTpupoBaHHbIe TONBKO SVZ 11 He
BKJIFOUCHHBIE B KaTaJIOT; 7 — JIeIOBBIe cOOBITHS; § — ceficMmdeckue cranunn; @B — xeno6 ®pann-Buxropun,
CA — xeno6 Cssroit AHHEL, B — »xeno6 Boponuna, I — »xeno6 Ilokansckoro, 11 — skeno6 Brrskuikoro

Fig. 2. Spatial distribution of earthquakes recorded by the SVZ station for 2016-2017 on the map of
neotectonic structures and active faults by [8, 9] using both standard processing (at least three seismic
stations) and data from one SVZ station.

Neotectonic faults: / — normal faults, 2 — thrusts, 3 — undetermined type; 4 — earthquakes; 5 — earthquakes
for 1900-2014 by the ISC catalogue; 6 — earthquakes recorded by a single SVZ station and are not included in
the catalog; 7 — icequakes; 8 — seismic stations; ®B — the Franz-Victoria trough, CA — the St. Anna trough,
B — the Voronin trough, I — the Shokalsky trough, II — the Vilkitsky trough

0e3 «mponyckoB». Ha 3HaueHun Maneﬂ CKa3bIBalOTCs Oosiee OJNIM3KUE SMHIEHTPATIbHBIC
paccTosHIS MeX Ty CTaHIuer SVZ 1 3NUIEHTpaMy TPOUCXOISIINX 3eMIeTpsceHu. J{s
CpaBHEHHs: MyHKT celicMuueckux HadmroneHuit «3emist @panna-Hocuday» peructpupyer
COOBITHSI HAYKMHAsI C pacCTosiHUi 6,5°—7° 1 nmeer ManeJ1 =21.

Ha puc. 2 npuBeneHO NPOCTPAHCTBEHHOE PACIpEieNIeHNe PETHOHAIBHBIX 3eMIIe-
TPSICCHUH, 3apETUCTPUPOBAHHBIX CTaHIMEeH SVZ M TONHMPOBAHHBIX C IMOMOIIBIO IPYTHX
CeMCMUYECKHX CTaHIMI apKTHYECKOTO PETMOHA, a TaKKe Pe3ylIbTaThl 00paboTKH 3eMile-
TPSICEHUH, 3apETUCTPUPOBAHHBIX TOIIBKO OAHOM cTanuuet SVZ. MarHuTynHsIii Auama3oH
obOpaboraHHBIX coOBITHII cocTaBisgeT ot 3,1 1o 5,4. 3a HO16ps 2016 1. — mexabps 2017
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YIaJI0Ch ONpENeNUTh MapamMeTpbl 36 pernoHaNBHBIX 3eMIIeTpsicCeHnil. B ocHOBHOM OHH
IIpUYpOUCHBI K XpeOTy ['akkerns, Hanbosiee CHIIbHBIE 3eMIICTPSICEHUS PETHCTPUPYIOTCS U3
paiionoB xpe6Ta Kaumnosuya u apx. [llmumnbeprew.

CpaBHEHHE TOJyYSHHBIX MTapaMeTPOB AHIEHTPOB IS CHIIBHBIX 3€MIICTPSICCHNH
(ML > 4,0) ¢ pe3ynpraramu MexayHaponHbix areHTcTB IDC, NORSAR u ®UIL] ET'C
PAH mnokasaino, 4To pa3HUIIa BO BpEMEHH B 04are COCTaBISIET OT 3 10 5 ¢, B ONPEIEIICHIH
snuueHTpa ot 0,2 go 0,5°, 4To ABAsAETCS BIOJHE YNOBIETBOPUTENBHBIM PELICHUEM JUIS
PETHOHAIBHBIX paccTOHUH. JlaHHBIN (akT 00BACHICTCS MPUMEHIEMOW HAMH METOTUKOM
00pabotku [10]: rCmoIH30BaHUEM BONHOBBIX (POPM CEHCMHYECKUX CTaHIHUU, pPacloio-
KEHHBIX TOJbKO B EBporieiickom cexkTope ApKTUKH. TOYHOCTH ONpeeNieHns SIMUIEHTPOB
3eMJICTPSICEHUI CBs3aHa C THIIOM HCIIOIb3YEeMOTo Troforpaga, KOTOPIH OTCYTCTBYET JUIs
neHTpansHoi yactu CJIO ans pernoHanbHBIX PACCTOSHUM, B UTOTE MPUXOANUTCS HCIONb-
3oBars roporpadst NOES [6] mmu BARENTS [7]. PesynsraTtom qaHHOTO 1MOIX0/Aa, HAIPH-
Mep, JUTS JTOKaluy 3eMJIeTpACeHHH XpeOTa ['akKkeTst sIBIsIeTCsl CMEIeHNE UX SIHUIEHTPOB
Ha FOXKHEI 00pT XpedTa.

Ha nannbIit MOMEHT cymecTByeT mpobiiemMa 00padOTKH MONABIIAIOMIETO OOIBIINHCTBA
peTHOHATBHBIX 3eMJICTPSCECHUH, 3apeTUCTPHUPOBAHHBIX TONBKO cTaHmuer SVZ (oKoio
400 cobwrruit ¢ ML < 3,0). Uadopmarus 06 3TUX COOBITHAX HE OTpPa)KeHA B KaTaloTax
Pa3INYHBIX CEHCMOJIOTMYECKNX CIY)KO, YTO TOKa3bIBaeT MPUHINIHAIBHYIO 3HAYUMOCTD
MTONy4YaeMbIX celicMuieckoi ctannuedt SVZ nanHex. O0paboTKa TaKUX COOBITHH 1O O11-
HOH cTaHy SVZ 103BOJISET TOJIBKO OPHEHTHPOBOYHO ONPEAEIUTH Hanbosee BEposTHbIE
paiioHBI MX JoKanuu. Tem He MeHee Obla cienana gaHHas nonsitka. O6padoTka 3anmceit
npoBomiack B nmporpamme Ko® ®UIL[ ET'C PAH Event Locator (EL) pa3pa6otku [11].
Pesynbrarsl cM. Ha puc. 2.

Bcero o6pabotano oxono 200 3emieTpsiceHnii ¢ Handolee YSTKUMHU BCTYTUICHUSIMHA
¢a3. IIpocTpaHCTBEHHOE paclipeAeeHne MoKa3bIBaeT, uto 15—17 % ot obmiero nx 4uc-
Jla BBITIAJIAIOT U3 OOIIel KapTHHBI CEHCMUYHOCTH peTrHoHa (YepHbIe KPY>KKH Ha pHC. 2)
BCJIE/ICTBHE HETOYHOCTH 00pabOTKH MO AaHHBIM OXHOHM cTaHIWU. OJHAKO OONBIIMHCTBO
STHIICHTPOB COOTHOCHUTCS ¢ BOCTOUHOM 30HOM XpedTa ['akkerns (cM. puc. 2), ceicMraecKuit
MOHHUTOPHHT KOTOPOI NMPOBOANTCS BEChMa JANUCKPETHO B CHITY YNAIEHHOCTH CYIIECTBY-
oImX ceficMmueckux craHnwii [12]. Hamu BBISBIEHA 9acTh COOBITHHA, IPHYPOUCHHBIX
K IeTb(QOBBIM keno0aM ¥ KOHTHHEHTAJIbHOW OKpauHe.

Puc. 3. Crarucrudeckoe pacrpeeieHue PerHOHAIBHBIX 3eMIICTPSICEHHH, 3aperucTpUPOBAHHBIX
cranueir SVZ (06paboTka 1o JaHHBIM Tpex U 0oJee CTaHIH)

Fig. 3. The statistical distribution of regional earthquakes registered by the station SVZ (processing
according to three or more stations)
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Pacnipenenenne pernoHaIbHBIX 3€MIIETPSCEHHH 110 BpEMEHH MOKa3aHo Ha puc. 3.
OueBHIHO, YTO B ampene, Mae U okTs0pe 2017 T. HaOMIOMAIOCH MOBHIIICHHE CeHcMMYe-
CKOH aKTUBHOCTH, KOTOpasi, MPEIIOI0KHUTEIFHO, COOTHOCUTCS C aKTUBHOCTBIO XpeOTa
Takkens. B cpenneM cranuusa SVZ peructpupyet nopsjaka 30 3eMIaeTpsaceHuid B MECHII.
Ce30HHOCTHU B perucrpanuu, kak Ha cranuuu ZFI [13], Ha naHHOM 3Tane uccieaoBaHui
He HabmromaeTcs. XOTs UIs TOTHOTHI BEIBOIOB HEOOXOAMMO HAKOTUICHNE TAHHBIX MUHH-
MYM eIlle B T€YEHHE JIBYX JIET.

Cama o cebe cranums SVZ pacmmpsieT 30Hy MOHUTOPHUHTA apKTHIECKOTO PEeTHOHa,
HO M3-3a MaJIOTO YHCJIa CTAaHIMH B PETHOHE HU3Kasi TOYHOCTD OTIPEICIICHUS SITUIIEHTPOB
HE TI03BOJISIET B TIOJTHOM Mepe yUUTHIBATh 3TH IAHHBIE ITPH U3yUCHUH T€OANHAMUKH U TEK-
TOHUKU APKTUKH.

Jlokanvusie coovimus. CornacHo xaranory ISC (puc. 2), B paiione apx. CeBepHas
3emis ¢ 1900 mo 2014 r. 3aperucTpupoBaHO § 3eMJIETPSICEHUN ¢ MAarHUTYIaMHU BbILIE
4,0 u eme oAHO 3eMieTpsiceHUE JoUupoBaHo B 2016 . B TOM e pailoHe CTaHIUSIMHU
ApXaHTeNbCKOH CEHCMUYIECKOH CeTH C TPUBIICUCHIEM 3apyOeKHBIX TaHHEIX (ML = 3,8).
Cotpynaukamu naboparopuu ceiicmonorun A.H. MopozossiM 1 H.B. Baranogoii npo-
BEJICHO TIepeonpe/ieTIeHIe SIHUIEHTPOB JIOKAIBHBIX 3eMJIETPSCeHUH paiioHa apx. CeBepHast
3emiis, 3aperucTpupoBaHHbIX 10 1989 r., mo MeToauke, onucanHou B [14]. B pe3ynbrare
HENOCPEICTBEHHO B pailoHe apXuIienara 10 yCTaHOBKU cTaHIuK SVZ nonupyercs 6 ceiic-
MHYECKHUX COOBITHH (OeNbie KPYXKKH Ha pHC. 2).

3a aHaMM3UpyeMBIil TIepro/ HaOMoneHnit cranmel SVZ 3aUKCHpOBaHO 25 JTOKATBHBIX
3EMIICTPSICEHUH € Pa3HBIX AMUICHTPAITBHBIX PACCTOSIHHH C IMHPOKUM JTHANIA30HOM MarHHUTYIIbI
ML = 1,2-4,9 (cm. puc. 2). [IpeobnagaroT HI3KOMarHUTYIHBIE 3emierpsicerust (ML < 2.5).
3armicy cOOBITHIT XOPOIIIETo KadecTBa, BCTYIUICHHS YETKHE, B OCHOBHOM BBIICIISIFOTCS T10 HIC-
XOIHOMY CHT'HAITY VUM IO BEICOKOYACTOTHEIM prutsTpam 6—10 u 8—12 I'u. CrioxkHOCTB 3aKitto-
YaeTcs B TOM, UTO U3 25 3aperucTPUPOBAHHBIX COOBITHI 32 pacCMaTpHBaeMBbIi IIEPHO TOJIBKO

Puc. 4. Ceiicmudeckue 3anucu 1 pparMeHT 00paboTku 3eMiteTpsiceHns o3 apx. CeBepHast 3emiist
11.01.2017 r.

Fig. 4. Seismic waveforms and a fragment of the earthquake processing that occurred near the
Severnaya Zemlya archipelago 11.01.2017
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nBa ObUTO 00pabOTaHO COIIACHO CTaHIAPTHBIM MpaBmiIaM 00pabOTKH (MHHUMYM 3 CTaHIIHN)
1 emie oqHo — 10 AByM cTaHmsM SVZ 1 OMEGA ApxaHrenbCkol ceiCMIUYEeCKOi CeTH.
OcranbHbIe 3eMiIeTpsiceHus O 00paboTanb! B porpammMe EL, mcnons3yemMoit Hamu Uit
00pabOTKH JTaHHBIX, 3aPETUCTPHPOBAHHBIX OIHOH CTAHLIMEH.

Ha puc. 4 npuBenen npumep 06paboTky Handoee CUIFHOTO JOKAIBHOTO 3eMJIIeTPsI-
cenns, nponsomenurero 11.01.2017 r, t, = 07:43:09.2, ML = 4,9. K 06paboTKe NpHHATHI
WCXOMHBIC 3aIMCH C YeTKUM BCTYIUICHHEM 0ObeMHBIX BOJIH. KpoMe apkTnueckux craHuuii
ApXaHreJbCKoil ceTn, ObUTH MPUBJICYECHB! BOJHOBBIC ()OPMBI CO CTAHIMI apKTHYECKUX
rpymrt NORSAR (ARAO, SPAO).

Puc. 5. IIpocTpaHcTBEHHOE pacHpeeNieHie CeHCMIUeCKHX COOBITHH B paiione apxumenara Cesep-
Hast 3eMIIs Ha ()parMeHTe KapThl OCHOBHBIX HEOTEKTOHHUECKHUX M FeOMOP(OIOTHYECKUX JIEMEHTOB
Apkruxu 1o [15].

JIurocdepHbie mnThL: / — ¢ NO3AHEJOKeMOPHICKIM (QYHIaMEHTOM, 2 — C TIO3IHEIOKEMOPHHCKUM (ByHIaMeH-
TOM, TIOIBEPIIINECS FePIUHCKHM TeKTOHHIECKHUM Ie(hOpMaIM; 3 — aKKPEIMOHHO-KOJIH3HOHHbIE KOMILIEKCHI;
4 — uexon (neopMUPOBAHHBII B ME3030€); 5 — TPOTH M CKJIOHBI C KOPOW IEPEXOTHOTO THIIA; 6 — COBPEMEHHBIIT
KOHTHHEHTAJIbHBIN CKIIOH; 7 — OKeaHnueckas kopa. Hoseiimme pazinomsr 1o [8, 9]: § — cOpocsl, 9 — B3OpOCHI,
10— HEyCTaHOBIICHHOTO TUIIA; [/ — rpaHULBI CTPYKTYD; /2 — JOKabHbIC 3eMIETPsICEeHNUS; /3 — 3eMIIeTPSICeHUS
3a 1900—2014 rr. no nauueM ISC; /4 — nenoBbie coObITHS; /5 — MyHKT celicMuueckux Habmonenunii «CeBepHast
3emis»; I — Taiimbipckuil akkperoHHsbli mosic; 11 — FOxxHo-TalMbIpCKuii CKi1aquaThlil mosic

Fig. 5. Spatial distribution of seismic events in the Severnaya Zemlya archipelago region on the map
of main neotectonic and geomorphological elements of the Arctic by [15].

Lithospheric plates: / — with Late Precambrian basement, 2 — subjected to Hercynian tectonic deformations; 3 —
Neoproterozoic Taimyr accretionary belt; 4 — cover of the Siberian craton subjected to tectonic deformations in the
Mesozoic; 5 — troughs with suboceanic type crust; 6 — continental slope; 7 — oceanic crust. Neotectonic faults:
8 — normal faults, 9 — thrusts, /0 — undetermined type; // — structures boundaries; /2 — local earthquakes;
13 — earthquakes for 1900-2014 by the ISC catalogue; /4 — icequakes; /5 — seismic station SVZ; | — Taimyr
accretion belt, I — South Taimyr fold belt
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Wudopmanust 006 31UIEHTPE STOTO 3eMIIETPSICEHHS CONEPKUTCS B MEXKTYHAPOIHOM
meaTpe IDC. O6padotka B IDC mpoBeneHa 1o JaHHBEIM 14 ceHCMHYECKHAX CTaHIIHH, t,
= 07:43:04.4, ML = 4,1, m_ = 3,6. PasHuua Bo BpeMeHH B o4are Mexmay 00paboTKOM
B naboparopun ceticmonoruu (cM. puc. 4) u IDC cocrasuna 4,4 ¢ u 0,14°, 4to B JTaHHOM
CllyJae MOXXHO CUMTAaTh XOpPOULIEH CXOIUMOCTBIO PE3yIbTaTOB.

Hecmotpst Ha onpeneneHHbIe TPYAHOCTH IIPH 00pabOTKe COOBITHH, MX SMUIEHTPHI
MpUypOYeHHI K TpaHuile Kapckoit mimThl, momanarot B 300y CeBepo-TaiMbIpckoit nedop-
MaIli — pa3IoM cOpocoBoro xapakrepa (puc. 5) mo [15]. Cormacuo paboram [15, 16,
17], nposiBneH#e ce{CMUIHOCTH TIPEATIONOKUTENBHO CBSI3aHO ¢ TIponeccaMy prdTorenesa,
Ppa3BHBAIOIIETOCS B IEHTPAIBHOM CeiCMOAaKTUBHO 30HE MOps JIanTeBhIX.

Cobbimus n1edHux06020 npoucxoxcoenus.. Ha 3anmesax cranmmii SVZ oTMedarorcs
nmIynabscHele Mukpokonebanns (MMK), npearnoiaokuTeabHO CBI3aHHBIC C JIEAHUKOBON
AKTHBHOCTBIO IIPUIAst WM JIEAHUKOBBIX KynosoB. [Tono6usie UMK Habmionatorcest u Ha
JIPYTUX CTAHIMAX ApPXaHTEIbCKOW CETH, pacloIOKEHHBIX KaK Ha apKTHYECKHX OCTpPO-
BaX, TaKk W Ha fore ApxaHrenbckoi oomacta, — «Kimmmosckasy, «Tamumay, «ColoBKm»,
«Amaepmay, «3emirst @panna-Hocuday. Bee oHE 0051a1a10T CXOXKUME XapaKTePUCTUKAMUA
BOJTHOBOI (hOPMBI:

— JUITEJIFHOCTH 3allMCH OTHOTO MMITYJIbCa COCTaBIsIeT OT 1,5 1o 5 ¢;

— HA 3aIIMCH NIPUCYTCTBYET IDIABHO 3aTYyXaIoOIIasi «XBOCTOBAsH 4acTh, KOTOpas Oosee
JUIMHHOTIEPUOAHAS 10 CPABHEHHUIO C TIEPBHIM BCTYIUICHHEM;

— crer(UIHBIM ST HUX SIBIISIETCS M TO, YTO HA 3aIIMCH HEBO3MOXKHO BBIJICIIUTH
BCTYIICHUS TIPOAOIBHBIX U TIOTIEPEYHBIX BOJIH;

— MaKCHUMYyM YacTOTbl IPUXOJUTCS Ha Iuana3oH 2—8 I'm.

[TomoOHOTO poa MMITYIIECH Ha BCEX CTAHIMAX CBSI3BIBAIOTCSI HAMU C JIETHUKOBBIMU
npoueccamu [18, 19, 20].

Puc. 6. CelicMuuecKas 3anuch JIOKaasHoro coositus 11.12.2017 .

Fig. 6. Seismic waveforms of the local event 11.12.2017
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HWckmrodeHnst COCTaBIIIH JBa CEHCMHYECKHUX COOBITHS, Ipou3omeamre 11.12.2017 1.
Ha paccrosHIIX 20 kM u 35 kM oT cranmmu SVZ (puc. 6). Ha 3ammcsax Beiaenstorcs (hazsl
IIPOIONIBHOM (P) 1 oriepeyHoi (S) BOJNH, YTO AaeT BO3MOXKHOCTh OIIEHUTH MECTOIIOJIOXKE-
HUe SnuneHTpoB. Ha kapre puc. 2 OHM OTMEUEHBI 3€I€HBIMH KBapaTaMH.

BBIBO/IbI

Pa3putue cereli HHCTPYMEHTAIBHBIX CEHCMOJIOTHUYSCKUX HaOmoneHuit B Poccuii-
CKOM ApKTHKE OTKPBHIBAET JOMOIHUTEIBbHBIE BOSMOKHOCTH PACHIMPEHUS NPEICTaBICHUN
0 Te0JJMHaMUKe JaHHOTO peruoHa. IlepBrie pe3ynbTaTsl paboThl celicMUYeCcKOM CTaHIMU
SVZ, HecMOTps Ha KOPOTKUH MEPUO] aHAIM3UPYEMOTr0 MaTepuana, IMO3BOJISIOT JOMOJI-
HUTB 0011yI0 KapTuHy bapeHniieBo-Kapckoit KOHTHHEHTaIBHOM okpauHbl 1 EBpa3suiickoro
cybbacceliHa B 11€JI0M HOBBIMHU CBEICHUSIMH O HOBEWIIICH TEKTOHMYCCKOW aKTUBHOCTHU
paccMaTpUBaeMOro peruoHa. BOJIBIIMHCTBO CEHCMUYECKHUX COOBITHII, KOTOPBIC PEeru-
cTpupyer craHius SVZ, sSBISIOTCS perMOHalbHBIMUA U IPUYpPOYEHBI B OOJIBLIIMHCTBE
cllyyaeB K BOCTOYHOM yacTu xpeOra ['akkens. MarHUTynHBIN qUana3oH perdoHaJIbHBIX
3eMIIETPSICEHU ¢ MTPUBIIEUCHUEM JPYTUX CTaHUUN cocTaBiseT ot 3,1 1o 5,4. JlokanbHble
3eMIIETPSICeHUs MpUypoueHbl K rpanuiie Kapckoii mauthl u 30He CeBepo-TaiMbIpcKoit
nedopmanuu, okpanse bapenieso-Kapckoro menbha; 3ahHKCHpOBaHbI COOBITUS B paiioHe
TPaHCIOPTHOTO Kopuaopa CeBepHOro MOPCKOTO MyTH. 3HaU€HHE JIOKAJIbHON MarHUTYAbI
3eMJICTPSCCHUN HAXOJWTCS B Auana3one ot 1,2 1o 4,9. PacueT GhokanbHBIX MEXaHU3MOB
NIPOU3O0IIECAIINX PETHOHAIBHBIX U JIOKAJIBHBIX 3€MJIETPSCEHUNM B CHILy IIPAKTUYECKOIO
OTCYTCTBUSI CEHCMUYECKUX CTAHLUK B PACCMATPUBAEMOM PETHOHE B HACTOSILEE BPEMS
HE IPEICTABIAETCS BO3MOXKHBIM. AKTyaJlbHOM CTAaHOBUTCA 3a/lauya PacHIMpEeHUs ceTer
ceiicMuyeckux HaOnroneHui B Poccuiickoli ApKTHKe.
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Summary
The article gives a characteristic of the psephitic material obtained in the IODP-302 well on
the Lomonosov Ridge. We provide data on the shape of rock fragments, their roundness, petrographic
composition and distribution over lithological units of the well. It is shown that the major part of
the psephites was delivered to the drilling point with ice, but several samples have a local origin and
characterize the composition of the Mesozoic rocks. The roundness of the psephites consistently
deteriorates in the younger enclosing sediments. The paper presents arguments that link this trend
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with the intensification of the ice regime. The consequence of the ice cover increase is the shortening
of the time of psephites occurrence in the wave-surf zone, where large-sized material is rounding, by
activating the “anchor” mechanism of the rock fragments capture. The level of change in petrographic
associations of psephites generally coincides with the level of change in the association of heavy
minerals, which is a consequence of the appearance of more distant sources areas. It is shown that
the “paleo—trans—polar” ice drift system began to function in the middle Miocene. The paper draws
conclusions about the evolution of the ice regime in the Arctic Ocean during the Cenozoic.

Hocmynuna 1 uronsn 2018 e. Ipunama x neyamu 29 uronsn 2018 2.

Kniouegvie cnosa: nenoBbli pasHOC, Maneo-TPAaHCIOMSIPHBIA enoBbiid apeiid, CeBepHbIit
JlenoBuThlit okeaH, xpedeT JIoMOHOCOBA, TICE(HUTHI.

JlaeTcs XapakTepHuCTHKa IICE(UTOBOTO MaTepHaia, IOMyIeHHOTO IpH OypeHUH CKBa)KUHEI
IODP-302 na xpe6te JlomoroCcOBa. [IpuBoasTCs MaHHbBIEe O popMe 0OIOMKOB, X OKaTaHHOCTH, TIe-
TporpaguIecKoMy COCTaBy U pacHpe/eIeHHIO 110 IUTOCTPATUT padhTIeCKIM KOMILIEKCaM CKBa)KUHEL
INoka3aHo, 4TO OCHOBHAsI YacTh TPy0O3EPHHUCTHIX OOJIOMKOB OBLIA JOCTaBlIeHAa K TOYKE OypeHHs
JIbJJAMH, OTHAKO HECKOJIBKO 00PAa3I0B IMEIOT MECTHOE ITPONUCXOXKIECHHE H XapaKTePH3yIOT COCTaB Me-
3030#cKuxX Mopojt. OKaTaHHOCTB ICE(HUTOB 3aKOHOMEPHO YXY/IIIAETCs C OMOJIOKEHHEM BMEIIAIONIIX
oTokeHui. B paboTe mprBeneHs! apryMeHTbl, CBA3BIBAIOIIHE 3Ty TSHACHIHIO C YCUICHHEM JIETOBOTO
pexnma. CeacTBHEM YBEIHIECHHS JIETOBHTOCTH SIBIISIETCS] COKPAIICHHE BPEMEHN HAXOXKICHHS IICe-
(UTOB B BOIHO-TIPHOOMHOI! 30HE, B KOTOPOH IIPOUCXOJHUT OKAThIBAaHHUE KPYITHOMEPHOTO MaTepHaa,
3a CYeT aKTUBH3AIMHA SIKOPHOTO 3aXBaTa 00JIOMKOB 1opoyi. M3MeHeHue meTporpadmaeckux accory-
aruii Ice(pUTOB B IIEJIOM COBIAaeT C I3MEHEHHUEM aCCOLMAINH TSKEIBIX MUHEPAJIOB, UTO SIBIISIETCS
CJIEICTBUEM TOSIBIEHHS OoJiee TaTbHUX HCTOYHUKOB cHoca. [TokasaHo, 4To manxeo-TpaHCTIONSIpHAs
cHcTeMa JIeIOBOTO Jpeiida Havana QyHKIMOHMPOBATH B cpeHeM MuoneHe. CreaHbl BRIBOIB 00
0COOEHHOCTSIX SBOJIIOINH JIET0BOTO pexkuMa B CeBepHOM JIeTOBITOM OKeaHe B KaifHO30HCKOE BpeMsl.

BBE/IEHUE

ITepBoe mmybokoBOgHOE OypeHne B HeHTpanbHOU yacTu CeBepHOTO JlemoBuToro
okeana (CJIO) cocrostmocs B 2004 1. B paMkax MexayHapoaHoi sxcnenuin [ODP-302,
mpoekt ACEX (Arctic Coring Expedition). Jlo 3Toro MOMeHTa BCe MOJENN TeOJIOTHYe-
CKOTO CTPOCHHMST APKTHUYECKOTO OacceifHa OCHOBBIBAIIMCH HA PE3YIbTaTax reo(pu3nIecKux
HCCIIEIOBaHNH, JaHHBIX TEOJIOTHN OKPY>KAfOLIEH CyIIH, MaTepHaiax NryOOKOBOAHOTO Oy-
penust B Hopsexcko-I pernannckom 6acceiiHe 1 4eThIPEX KOPOTKHX IPYHTOBBIX KOJIOHKAX,
MOAHSABIINX J0IIEHOBBIC, KAMITAHCKHE W MAaaCTPUXTCKHE OTIOXKEHHUS Ha XpeOTe Anbda
B akcrieaumusax CESAR u negoBoro octposa T-3 [1, 2]. B utore ycnemHo npoBeJeHHOTO
OypeHHs B IIPHUITOIOCHON 9acTH xpeOTa JIoMoHOCOBa OBLI IONTyYeH YHHUKAIBHBINA KEPHO-
BBII MaTepHal, O3BOMIAOIINHA B 3HAYNTEILHON CTEIIEHH BOCIIOIHHUTE TPOOEIBI B 3HAHUSX
o reonornaeckoM pazutun CJIO. braromapst 3TuM faHHBIM OBIIH CYIIECTBEHHO YTOYHEHBI
MIPEACTABICHUS O KAHO30MCKOH SBOJIOINHN IEHTPAIBFHOM YacTH APKTHIECKOTO OacceifHa.

B HacTostieit paboTe mpuBeIeHBI HOBBIE JAHHBIE O PACTIPEAEICHUN KPYITHOMEPHOTO
NceUTOBOTO MaTepraia B pa3pe3ax CKBaKHH, IPOOYPEHHBIX B YKa3aHHOW AKCIICTUIINH,
€ro meTporpaguIeckoM COCTaBe M pe3ylbTarax MOpP(GOMETPHIECKOTO aHamu3a. AKTY-
JIBHOCTB 3THX HCCIICIOBAHUN OMpEAENSeTCS MPEX/Ee BCETO MOBBIIICHHBIM BHUMaHHEM
T'€0JI0TOB K MpoOIeMe IPOUCXOXKICHNUS KPYITHOMEPHBIX 00IOMKOB. Buanmoe copepxanue
JIOHHO-KaMeHHoro Marepuaia (JJKM), kak mpaBmiio, yBeIHIHBACTCS B MpPEAEIax IOJIO-
xuTeNbHBIX MopdocTpykTyp CJIO, 9T0 MPUBOANT MHOTHX MCCIIEAOBATENECH K MOMBITKAM
MOUCKOB NcTOYHUKOB JIKM cpenut TOKanbHbBIX BBIXO0B HA MOPCKOM JIHE KOPEHHBIX MTOPO].
Kaxk Oyzet mokazaHo HHMXe, IPAKTHYECKH BCE 00pa3Iibl, N3yUCHHBIC HAMH, OBIIM JOCTaB-
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JIeHBI K ToUYKe OypeHHs B rpeOHeBoM yacTu Xpedra JlIoMmoHOCOBa JbIamMu/aiicoepramu.
OTO MO3BOJIAET UCTIONB30BATh MX B KAYECTBE MapKepa JIeOBOTO pa3HOca, CBOCOOPa3HOTO
«1e10BOT0 (hOHA», OTHOCUTEIILHO KOTOPOTO MOKeT ObITh BhIesieH JJKM mecTHOTO ITpo-
HCXOXK/ICHHS.

Katitno3zotickas ucropus nenoBoro pexkuma CJIO — apyras BaxxHeWIas mpoodiema,
PELICHUIO KOTOPOH MOXKET IIOMOYb N3ydeHue IceuToBoro Marepuaia. Ha ceroqaammmii
JIeHb (PUKCUpYeTCs 3HaYNTEIbHOE COKpalleHHe KOJIMYecTBa JIbA0B B LleHTpansHol Ap-
KTHKe [3, 4]. MHOTOUYHCIIEHHBIE KIIMMAaTHIEeCKHE MOJIENH ITPEICKa3bIBAIOT IPOTPECCHBHOE
YMEHBIIIEHHE MOPCKHX JIBI0B B OyaymieM [5], omHaKo CyImIecTByeT HEONpeneleHHOCTD
B NOHUMaHNU MHTEHCHBHOCTH 3TOrO Ipomuecca [6]. IIpobiemsl ¢ MporHo3upoBaHueM,
04EBUIHO, OOYCIIOBIICHBI TEM, YTO YUYEHBIC YUHTHIBAIOT HE BCE (haKTOPHI, BIUSIONINE HA
coBpeMeHHbIe (irykTyaruu xmMara. MHbopManus o J1e0BOM peXHMe B T€0IOTHIECKOM
MIPOIILIOM JIOJDKHA, O€3yCIIOBHO, aHAIM3UPOBATHCS IIPH ONPEIEIICHUN IPHYHMH HaOIroae-
MBIX ceifyac u3MeHeHn. B reonornueckoii aeTonucn KaifHO305 CyIIECTBOBAIN HHTEPBAJIEL,
AHAJIOTUYHBIC COBPEMEHHBIM KIMMAaTHIECKUM ycoBusaM. IIpu 3ToM Bee KonebaHus aeno-
BOTO peXHMMa OBUTH CBSI3aHBI NCKIIIOYUTENHHO C MPUPOJHBIMHU (paKTOpaMH, YTO BasKHO KaK
JUTSL KOPPEKTHOM OLIEHKH 3HAYMMOCTH aHTPOIIOT€HHOTO BIMSHAS HA KINMAT B HACTOSIIEe
BpeMs, TaK | Ul MOAEIHPOBAHUS U3MEHEHUI TeMIepaTypsl B OyayIiem.

Hecmorpst Ha TO, YTO BpeMsl MOSBICHUSI IEPBBIX CE30HHBIX M TAKOBBIX JIBIOB B LleH-
TpaJbHOW APKTHKE 00CY)KIaJI0Ch B e MyONUKaIHi, MOATOTOBIEHHBIX 10 Pe3yIbTaTaM
n3ydeHus oOpasnoB u3 ckBaxkuH ACEX [7-15], maHHBIH BOIIpOC OCTaeTcs MpeaAMETOM
muckyccuit. [IceuToBBIif MaTepran BaskeH UL pELICHHs YKa3aHHON MPOOIeMBI.

MATEPHAJIBI U METO/JbI

Toukn mmst Oypenust ObUTH BHIOpAaHBI Ha BEPIIMHE MPHITOIIOCHON YacTu xpebra Jlo-
MOHOCOBa B/10J1b cericmMuueckoro mpoduist «AWI-91090» (puc. 1). Beero 65110 npoiineHo
5 CKBa)XWH, HEPAaBHO3HAYHBIX 110 TIIyOMHE U BBRIXOMY KepHa [ 16]. PaccTosHe MexX Ty HIMUA
HE TPEBHIIIAIIO0 HECKOJIIBKUX MHUIIb.

B nepsoii Touke 302-M0001 ynanoch MOAHATH JMILIb MATh METPOB rpyHTa. M3-32
YXYZIIICHUS JIEOBOH 0OCTaHOBKH OBIJIO MPUHSITO pEIICHHE NMEepeiiTH Ha HOBOE MECTO,
B KOTOpOM npoOypuin ckBaknHy 302-M0002 rmy6unoit 271,69 m; pabora Oblia npekpa-
IICHA B CBS3M C TSHKEIBIMH JIeHOBEIME ycinoBusMu. B Touke 302-M0003 obopynoBaHue
otkazayio Ha ryoune 15 M. CxBaxkuna 302-M0004A Obuta ocTaHOBICHA Ha YpoBHE 428
M TIOCJI€ MPEITOIOKHUTEIHHOTO BHEAPEHNS B TIOPOJBI «aKyCTHUECKOTO (pyHIaMEHTay,
Ipu4eM B MHTepBaiie 27—265 M kepH He orOupaincs. Psnom, B Touke 302-M0004B 6pun
orpoOoBaHbI /jBa KOpOTKHX nHTepBana. [Tlocnennioto ckBaxkuny 302-M0004C npoOypuin
C LEJbI0 TOJTyYEeHHUS! TUINO-TIIEHCTOIEHOBOTO pa3pesa ¢ BHICOKMM pasperreHreM. Ha oc-
HOBAaHUU JETAIBHOTO M3y4eHUs kepHa u3 ckBakuH MO002A nu MO0OO4A Obu1 cocTaBicH
CBOJZIHBIN pa3pe3 MoIHOCTEIO 428 M [1, 16].

Bcero u3 otnoxxennit u3pnexiau 58 o61omkoB kpymnaee 0,5 cm. OOIOMKH MEHBIIETO
pa3Mepa He ObUIM BKJIIOUEHBI B HAIIEe MCCIIENOBAaHKE, TOCKOIBKY UX IeTporpaduueckas
XapaKTepHCTHKA, KaK IPaBHII0, MEHee MH(OPMATHBHA, YTO CHIKAET NX IIEHHOCTD B Kaue-
CTBE ITOpOA-MapKepoB obnacteii cHoca. [Ipu 3ToM paHee MpoBeEeHHbIH aHAIN3 TPaBUIHHO-
JpecBsHbIX (2—10 MM) 061oMKoB, oToOpanHbIX B CJIO [17-19 1 ap.], 6e3ycioBHO, BaskeH
Juts Oosee TOYHOH XapaKTEPUCTHKH MHTEHCUBHOCTH JIEJOBOT0/aiicOeproBoro pazHoca
U CTpaTturpauuecKoil MPUBS3KH STHX COOBITHH.
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Puc. 1. Mectononoxenue ckBaxxud ACEX-IODP-302 Brons celicmuueckoro npodmiss AWI-91090
[16]. Ha Bpe3ke nokazana naneopekoHcTpykius i CeBepHoro Jlenosurtoro okeana Ha 50 MJH et
Hazaj [16]. [IpuBenens! Gororpaduy THITMYHEIX 00pa3IoB NCe()UTOB U UX IOJIOKEHUE B pa3pese.
Coxpantenust: JIIIK — nuronornuyeckuii nonkomiiekc; JIK — nmurtonoruueckuit komruieke. Ha
nmuTocTparurpaduueckoil Koaonke He obo3navens! JITIK 1/4, JITIK 1/5 n JITIK 1/6

Fig. 1. Location of the ACEX-IODP-302 boreholes along seismic line AWI-91090 [16]. The inset
shows the paleoreconstruction for the Arctic Ocean for 50 million years ago [16]. Photos of typical
samples of psephites and their position in the section are shown. Abbreviations: LPK — lithological
subunit; LK — lithological unit. LPK 1/4, LPK 1/5 and LPK 1/6 are not marked on the lithostratigraphic
column

[Ipu nccnenoBannu nceduroBoro Marepuana n3 ckBaxxubl ACEX MbI Ipon3Bouin
H3MEpEeHNs IO TPEM B3aMMHO-TIEPIEHANKYISIPHBIM ocsiM (A>B>C) 1 paccunThIBaIM OT-
HoureHust B/A (crenens yamunenus) u C/B (creneHs ymiomeHus) Al XapaKTepUCTHKA
cepuunoctu (popmer) oOpa3ioB no uzBectHomy meroxny 1. Ilunarra (1935). Hannas
KJaccuuKanus, BEposiTHO, 10 CHX MOp SBIIsieTCsl Hanbosee MpoCcTol, MOHSATHON M JIOTHY-
HOW CHCTEMOH, B KOTOpOH IIce(pUTHI 10 CBOEH (hopMe paszieNsioTcs Ha 4eThIpe Kiacca:
1 — nuckoBUIHBIE/TAONMNTYATHIE, 2 — OKPYIIbIE/U30METPUYHBIE, 3 — IMIMHAPHYECKHe/
YAJIMHEHHbIEe ¥ 4 — IJIaCTHHYAThIe/yIUIONIeHHO-yUIMHEHHbIE. MHOTIa 00pasipl 3aHUMaloT
IIPOMEXYTOYHOE MOJIOKEHUE MEXIY KiaccamH, HartpuMep 1-2. ['paHuns Mexay Kiaccamu
MIPOBOIATCS 10 OTHOILICHUIO OCeH, paBHOMY 2/3.

OKaTraHHOCTH NICE(h)UTOBOIO Mareprajia ONpeAeIsuIach BU3yaJIbHO C IIOMOLIBIO H3BECT-
HBIX TpagaperoB, NPUBA3aHHBIX K Ko duumenram Banemna u Xadakosa [20]. C nmomomipio
xoaddurmentoB I. Banemna okaraHHOCTB oneHuBaack Oomnee aeransHO (ot 0,11 10 0,90),
Torna kak y A.B. Xa0OakoBa BblessieTcst TOJIBKO ISITh Ipafanuii (6amios). Vicxons u3 atoro,
(hopma 00ITOMKOB KITaCCHMHUIUPYESTCsI CIEIYIONIM 00pa3oM (Oamtsl XabakoBa/ko3(pGUIMEHTHI
Bapemna): 0/0,11-0,20 — HeokaranHbIe, ocTpoyronbHeie; 1/0,21-0,40 — yroBareie Wi pe-
OpHCTBIE C 3aMETHOH HOTEPTOCTBIO pedep, HO C MOITHOCTHI0 COXPAHEHHOW NCXOIHOM OIPaHKOM;
11/0,41-0,60 — momyokaraHHbIe, COXpaHHBIIIIE, HECMOTPSI Ha OKaTaHHOCTh, IEPBOHAYAIBHYIO
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HempaBIwIbHYI0 orpaHky; 111/0,61-0,80 — xopo1ro okaraHHBIE, HE UMEIOIINE OCTPHIX YITIOB
u pebep, JOBONBHO MPABHIIFHO M PABHOMEPHO OOTOYECHHBIE; COXPAHIIIICH JIMIIH CIISbI Ha-
ganpHO# orpankw; [V/0,81-0,90 — oTimiaHO OKaTaHHEIE, C TIOTHOCTHIO KPHBOIMHEHHOM CIiTa-
JKEHHOM TIOBEPXHOCTHIO, C JICTICIIKOBIIIHOM, POMKOBIIHOH UK cepornanbHol (hopmoii [20].
HasBanne ncciieoBaHHBIX HAMH IOPOA JAHO 10 pe3yJabTaTaM ONTHIECKOTO HCCIle-
JoBaHMA NUTH(OB MO0 BU3YaJbHOTO ONPEETICHNUS CIaralolliX UX MUHEPAJIOB.

PE3YJIBTATBI HCCJIEJOBAHUS

Cmpamuepagpus omaoorcenuu. Ha ceronHsNIIHNN IeHb CYIIECTBYIOT JABE AJILTCPHATHB-
HBbIE CTpaTUrpaduuecKrue MOJICIH I OTI0XKEHHH, BCKpBIThIX ckBaxknHaMu ACEX. «Crpa-
TUrpaduieckas Mosiesb-1» OCHOBaHA Ha COYETaHUU OMOCTpaTurpaduu o JuHOIarrens-
taMm u pacrtpeznenennu uzoromna ’Be [1]. CornacHo 310t Monenu B paspese GpUKCHpyeTcst
TIePEPHIB B 0CAIKOHAKOILICHUH MPOTHKEHHOCTRIO 26,2 MutH Jiet (18,2—44,4 MutH net Hazan).
B «Crparurpapuueckoit Mmogenu-2» ucnonbdyercs: Os-IaTupoBaHue, MOATBEPKIAEMOE
B LIEJIOM JIaHHBIMU IO PacIpeiesieHUI0 TUaTOMOBBIX Bojopocie [21]. nuTenbHOCTh
CpeIHEKaHHO30MCKOro nepepriBa npu 3ToM cocrasisier MmeHee 400 Toic. jeT. Pacxox-
JIeHHEe MEXIY YKa3aHHBIMU MOJEJIIMU CYILECTBYET TOJIBKO B HHTepBane 151,28-29995
METPOB HMXE IOBEPXHOCTH JTHA (MHIIJ), YTO COOTBETCTBYET BO3PACTHOMY IHAIIa30HY
12,31-48,6 MiH jeT. MBI TIo1araem, 9to «MOZeITb-2» IBIseTCs Oojee 000CHOBaHHOM [22].

Pacnpeoenenue ncepumosozo mamepuana no paspesy. IlceputoBsiii MmaTepuan He-
PaBHOMEPHO PACIPOCTPaHEH N0 paspesy (CM. TabJHUILy), XOTS ¥ MPUCYTCTBYET B KOKIOM
13 YeThIpex JuTosorudeckux KomruiekcoB (JIK), BBIIEIEHHBIX BO BpeMsl JETaIbHOTO

Tabnuya

3nauenus ko3¢ppuuuento Bagesnia, MoIHOCTH JuTOJOrHYeckuXx komiiekcos (JIK)
u noakomiuiexkcos (JIIK), koanuectBo ncedpuros B JIK u JIIK,
3Ha4YeHus ko3 punuenta [I/M

OkaTaHHOCTb
JIK vt JIITK (xo3dPurnment Bagenna) MOoUIHOCTh KonnquTES M
Muaumym— Konu- JIKu JIIIK, M | nceduros
Makcumym Cpepce 4eCTBO
1/1 0,25-0,46 0,32 4 MO003A: 1,1 1 0,91
MO0004C: 5,29 3 0,57
12 0,11-0,22 0,17 4 MO003A: 13,9 2 0,14
MO0004C: 18,3 1 0,05
MO004A: 4,68™ 3 0,64
173 0,11-0,76 0,30 20 1473 25 0,17
1/4 0,21-0,80 0,47 7 24,4 8 0,33
1/5 0,35-0,56 0,45 2 52 3 0,58
1/6 0,55-0,62 0,58 2 22,1 2 0,09
2 0,35 - 1 93,3 3 0,03
3 0,15 - 1 91,2 1 0,01
4 0,15-0,26 0,20 2 - - -
IIpumeuanus.” — KONMYECTBO [ICE(HUTOB, B KOTOPHIX ObLIA OLCHEHA OKATAHHOCTh, MEHBLIE OOLIETO YHCIIa

00pa310B, ITOCKOJIBKY HEKOTOPBIE 3 HUX OKA3aJIMCh HEOCTYITHBIMH I10CJIe OPOOOBAHUS KEpHA HA APyTHe
- -

BHIBI aHAMN30B;  — ckBaknHa M0004A nponura Tonbko yacts JINTK—1/2; ™ — Ge3 ayTHTeHHBIX KOHKpe-

ui (CHOEPHUT | UPHT); ~ — TMCeGUT/METP — KOIMUUECTBO TIceUTOB Ha 1 METp 0cajika B KOHKPETHBIX

JIK u JITIK
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onmcaHus kepHa ckBakuH [16]. Hanbomee momusiit JIK-1 pazagencH Ha mecTs MOIKOM-
mwiekcoB (JIIIK). Hmke mpuBeneno kparkoe omucanue JIK ¢ ucronp3oBanuem «Crparu-
rpaduIecKoi MONEIH-25.

JITTK-1/1 Bxmrogaet ot 1,1 M (ckBaxkuaa MO003A) 10 5,3 M (ckBaxkrnra M0004C)
TOJIOLICHOBBIX — BEPXHETUICHCTOIIEHOBBIX AJIEBPOIEIUTOBBIX 0CAKOB, UIMEIOIINX CHIIBHYIO
LIBETOBYIO IMOJIOCYATOCTh, TAIIMYHYIO JJISl TOHHBIX OTJIOXKEHUH neHTpaibHoil yactu CJIO;
u3 Hero oToOpaHo 4 obpasmna mceduros. JIIIK-1/2 cocrout u3 15-18 M BepxHemeicTo-
LIEHOBBIX aJIeBPOIIEINTOB, IIBET KOTOPBIX MEHSAETCS OT OJMBKOBO-KOPUYHEBOTO B BEpXHEH
YacTH 10 TEMHO-KOPUYHEBOTO BOIM3H MOAOMIBHI (6 00pa3moB nceduroB). 3HAYUTEIEHO
Oonee mommHbI (B uATepBane 21,2—168,5 mamm) JIIK-1/3 npexcrasneH mieiicToneHo-
BBIMHA — HWD)KHE-MHOIICHOBBIMH aJI€BPOIEINTAMH OJMBKOBBIX, OJMBKOBO-KOPUYHEBBIX,
OJIMBKOBO-CEPBHIX M TEMHO-CEPHIX 1BETOB (27 00pa3moB 1nceuToB, IBa U3 KOTOPBIX —
aytureHHble KoHKpennn). JITTK-1/4 (168,5-192,9 MHIT) ClToKeH KOPHYHEBBIMH C pa3HBIMH
OTTEHKaMH{ aJICBPOIIEJINTAMH C JIMH3aMHU TI€CKa; BO3PACT OTIOKEHHUH IIIaBHBIM 00pazoM
OJIMTOLICHOBBIN, BKJIIOUasi HU3bI PAHHETO MHOLICHA U BEPXH MPHAOOHCKOTO spyca IO3/He-
ro soreHa (9 o0pas3ioB nceduToB, ONMH U3 KOTOPBIX — JKene3ucTras KoHkperws). JIITK-
1/5 (192,9-198,1 muM), Tak HAa3BIBAEMBIN CIION «3e0pay, CIOKEeH MPHAOOHCKIMH aJIeBpPO-
TIETUTaMu ¢ HeOOIBIITMMU TIeCYaHBIMHE JIMH3aMU (3 00pasia rceduros). 103 MHEIONICHOBEII
JITIK-1/6 (198,1-220,2 MHII), HA HAII B3I, OMMO0YHO OoTHeceH K JIK-1: reHeTndecku
1 TIO JINTOJIOTHYECKOMY COCTaBy OH Ommke K JIK-2 ¥ cOCTONT B 3HaYMTETHHON CTEIICHN
13 omana-A ¢ HeOOIBIINM KOJMYECTBOM KPEMHICTHIX OPTaHM3MOB (2 00pasifa rmceuros).

JIK-2 (220,2-313,5 MHIT) IpeAcTaBIeH HUKHE-CPETHEIOICHOBEIMH OTIIOKCHUSIMI,
COCTOSIIIIMMH TJIABHBIM 00pa3oM M3 KPEMHHUCTHIX OPTaHW3MOB, IPHUYEM IPHOTU3UTEIEHO
C YpOBHs 285 MHITI BHH3 10 pa3pe3y HaunHaeTcs Tpanchopmanus onana-A B onan-C/T.
Ortciona otoOpaHsl TpH 00pa3na nceduToB, pacIoIOKEHHBIX B HETTOCPECTBEHHON OJTH-
3octH apyr K apyry: 238,1 manm, 238,77 mann u 240,41 mana. Ocanku JIK-3 (313,6—
404,8 MHIT) IpecTaBIeHbl TEPPUTCHHBIMHI PAa3HOCTSAMH PaHHEIOIEHOBOTO — ITO3/IHETIale-
oreHOBOTO Bo3pacTa (1 obpaszer nceduroBoii pasmeproctn). Ha yposre 404,8—424,5 MmN
KEpH MOAHATH HE yNaIoCh.

Teppurennsie otnoxenus JIK-4 (424,5-427,7 MHITT) IMEIOT KAMIAHCKHUH (BO3MOYKHO,
MaacTPUXTCKUii) Bo3pact [16, 23]. B unreppane 424,5-424,83 MHIIT — 5TO MEIATOBEINA
MeCYaHMK (BO3MOXXHO, MHKTHT) CEpPOTO LIBETa, CIIEMEHTUPOBAHHBII 33 CUET IIMHHCTON
TIpUMeECH, IDIOTHBIN, HO Kpomamuiics (oToopaH 1 oOpaser nmceuToBO# pa3MepHOCTH);
B 0OCa/IKe HaONIOMArOTCS BKIIIOYEHHUS] MEIKUX IMMPHUTOBBIX KOHKpeIwid. B mpomexyTke
424,83-426,6 munz kepH orcytctBoBal. Ha ypoBHe 426,6—427,43 MHII OTJIOXKEHUS TIPEa-
CTaBJIEHBI IIECYaHON TIIMHOM, 3eJIeHOBATO-KOPUYHEBOH, B [IEJIOM UIACTUYHOH, C BKITIOUYE-
HUSMH IIHPUTOBBIX KOHKpenuit. B ocHOBaHMM paspesa (427,43—427,66 MHIII) pacoioKeH
MIECYaHUK C TIMHUCTBIM LEMEHTOM, «CYXOi», JIETKO KPOIIAMHUIics, IBET TEMHO-CEPHIi 0
kxopuaHeBoro (1 oOpaser] nceuTOBOH pa3MEPHOCTH).

Hnmencusnocms naxonaenus ncegpumosozo mamepuana. B tabnuie u Ha puc. 2 npu-
BEJICH ITapaMeTp, MTOKa3bIBAIOIINH KOIMIecTBO nceduToBoro mMarepuana (0e3 ydera ayTH-
TeHHBIX KOHKpermii) Ha 1 metp paspesa mis kaxmoro JIK — xoaddunuent II/M. C ero
TIOMOIIBI0 MOXHO CYAWTh 00 MHTEHCUBHOCTH ITOCTABKH I'PyO00OIOMOYHOTO Marepuara.
Maxkcumanpras BenmmunHa [1/M Habmomaercs B JITIK-1/1 u Bapsupyet ot 0,57 mo 0,91.
B JIIIK-1/2 TI/M cumxaetrcs 1o 0,05-0,14; 3uaueuue 0,64 B ckpaxkune M0004 A, oueBUIHO,
00BSICHACTCS HETONHBIM BCKphITHeM ocaakoB JIIIK-1/2, Tak kak oTOOp KepHa 31ecCh Ha-
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Puc. 2. aTeHCUBHOCTL HakoruieHus rncedutoB (3HaueHus kodddunuenta [1/M) B JIK u JIIIK
ckBaxuH ACEX-I0DP-302

Fig. 2. Intensity of psephites accumulation (values of the P/M coefficient) in the LK and LPK of the
ACEX-1IODP-302 wells

qascst Toneko ¢ 17 m. B JITIK-1/3 koaddurment I1/M pasen 0,17. B JITIK-1/4 u 1/5 3Ha-
yenus [I/M yeenuuunsarotcst 10 0,33 u 0,58 COOTBETCTBEHHO M IOTOM, BHU3 110 pa3pesy,
pesko cHikaroTest 1o 0,09 B JITIK-1/6, 0,03 B JIK-2 u 0,01 B JIK-3, 4T0 CBHACTEIHCTBYET
0 3HAYUTEIHHOM YMEHBIICHUH MMOCTaBKHU nceduror Hinke JITTK-1/5.

Dopma (cghepuunocmu) ncepumosoeo mamepuana. CoriacHO KiaccupUKaIuu
I{unrra, HanOobIlIee KOJIMIECTBO 00PA3ILOB TATOTEET K JUCKOBHUIHBIM JINOO OKPYIIIBIM
¢dopmam — xiacensl 1 (11 obpasmoB) u 2 (15 00pa3oB) COOTBETCTBEHHO, a 2 00pasia
MOMAAaf0T HA TpaHMIly Mexay HuMu — 1-2. Kimaccsl 3 (uiIuHaApHYeCKUe/YITHHEHHBIC)
1 4 (MIacTHHYATHIE/ yILIONICHHO-YITHHEHHBIC) TIPEICTABICHBI Bcero 3 u 7 o0pasmnamu co-
OTBETCTBEHHO, a 5 00pa3Il0B 3aHUMAIOT TpaHUYHOE TIoNokeHne — 3—4. Takum o6paszom,
yuinHeHHas Gopma He ThnudHa i ncedutoB ckBakud ACEX.

Oxamannocms ncepumogozo mamepuana. B 1enoMm okaraHHOCTh M3YYEHHBIX 00-
JIOMKOB (0e3 ydera KoHKpeluii) Hu3kas. B cucreme XabakoBa 3TO B OCHOBHOM HEOKaTaH-
ueie (0 6amtoB,12 00pasnoB) u mwioxo okatanubie (1 6amr, 18 00pasoB) pasHOCTH, TOTAA
KaK TIOJyOKaTaHHbBIX (2 O6ayia) 00JIOMKOB BCETO 8, a XOpOIIo OKaTaHHbIX (3 Oayma) — 5.
Koadh¢unuentsr Bagenna umeror 0osiee mupokyo BapuadenbHocTs: ot 0,11-0,12 (Hau-
Xy/IIasi OKaTaHHOCTh B BBIBETPENIOM Oa3zanbTe u ciaHile u3 ypoBHei 10,35 u 94,47 mung
cooTtBeTcTBeHHO) 110 0,79-0,80 (MakcuManbHasi OKaTAaHHOCTH B KBapuute co 190,5 MHII).
CreneHb OKaTaHHOCTH M3y4YEHHBIX MCE(QUTOB XOpomio BuiHa Ha (otorpadusx, mpea-
CTaBJIEHHBIX Ha puc. |. OTMeyaeTcsa B LENIOM 3aKOHOMEPHOE YXyALICHHE OKaTaHHOCTU
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Puc. 3. Pactipenencuue 3HaucHuil kodpdunnenra Bagenna B ncepuToBoM MaTepraie mo paspesy
ckBaxxud ACEX-IODP-302. Benuuunsl 1o ropuzoHTansHoi ocu: 0—0,20 — HeokaTaHHBIH, OCTPO-
yroneHbiid; 0,21-0,40 — yrinosareiid wiu pedpucTtsiit; 0,41-0,60 — monyokarannsrid; 0,61-0,80 —
xopo1o okaranublil; 0,81-0,90 — oTIIMYHO OKaTaHHBII.

a) — 3HayeHus ko3 duurenta Banenna B nceduroBom Marepuaie B nuronorunyeckux komiuiekcax (JIK). Ha
Bpe3Ke MOKa3aHbl yCaoBHbIe 0603HaueHus st JIK; 6) — 3aBHCHMMOCTB CTEHEHH OKaTaHHOCTH HCE(UTOBOrO
Marepuaia oT [TyOHHEI ero 3aneranus B ocankax JIK-1 u JIK-2. YenoBHbIe 0003HaueHHs TOKa3aHbI HA BPe3Ke K
puc. 3a; 6) — cpenHue 3HaueHus kodpdunmenra Bagenna B JIK u JITIK

Fig. 3. Distribution of the Wadell coefficient values in the psephitic material from the ACEX-IODP-302
well section. Values on the horizontal axis: 00,20 — non-rounded; 0,21-0,40 — angular; 0,41-0,60 —
subrounded; 0,61-0,80 — well-rounded; 0,81-0,90 — perfectly rounded.

a) — values of the Wadell coefficient in the psephitic material in lithological units (LU). The sidebar shows
the symbols for the LU; 6) — dependence of the roundness degree of the psephitic material on the depth of its
occurrence in the sediments of LU-1 and LU-2. The notation is shown in the inset to Fig. 3a; 6) — average values
of the Wadell coefficient in LU and LSU

obmomkos ot JIIIK-1/6 x JIIIK-1/1 (puc. 3). Hamrydmmmas okaTaHHOCTh BCTpEUEHa y 00-
pasuos u3 JIIIK-1/4, XoTs B HeM ke MMOMAAAI0TC U HEOKaTaHHBIE 00JIOMKH (CM. TaOIuIry).
B menom ¢ 3THM mokazareneM coriacyeTcs cepuaHOCTh ((hopma) TcedUTOB, KOTOpas
OmKe K M30METPUYHON y Oojiee OKaTaHHBIX 00pPasIoB.
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Puc. 4. MunepansHble U meTporpaduuecKue acCoMalii B CBOTHOM pa3pe3e ckBaxuHbl ACEX-
I0DP-302.

a) — OTHOUICHHE KIIMHOMMPOKCEHOB (CpX) K MOHOKIMHHBIM aMmbubonam (hbl). [TyHKTHpHAS THHUS TOKa3bIBACT
YPOBEHB, Ha KOTOPOM KITHHOIHMPOKCEH-IOMHHUPYIOLIAsk aCCOLMALNS TSDKEIBIX MUHEPAJIOB (HIDKE) CMEHHUJIACH POTO-
BOOOMAaHKOBO-JOMUHHUpYIOILEH accoranuei (Boie) [11]; 6) — nerporpadus nceduroBoro marepuana. Kpachnas
CTpeJIKa MOKa3bIBaeT YPOBEHb CMCHBI «KBapIl-IOMHHUPYIOIIHX» TTOPOJ Ha «CMEIIAHHYIO)» aCCOLMALMIO TIOPOA

Fig. 4. Mineral and petrographic associations in the composite section of the ACEX-IODP-302 well.

a) — the ratio of clinopyroxenes (cpx) to monoclinic amphiboles (hbl). The dashed line shows the level at which
the clinopyroxene-dominant association of heavy minerals (below) has been replaced by the hornblende-dominant
association (above) [11]; 6) — petrography of the psephitic material. The red arrow indicates the level of change
of “quartz-dominant” rocks to the “mixed” association of rocks

Ilempozcpagua ncegpumosozo mamepuana. Ilo cocraBy 00pasiipl IPEACTaBICHbI [VIaB-
HBIM 00pa3oM KBapLEeBbIMHU ecyaHukamu (puc. 4). Takxe BCTpeueHsl KpeMHeBas opoja
(JIIIK-1/1), 6a3ansr (JITIK-1/2), xBapuesiii rpaBenut (JIIIK-1/3), cnannst (JITIK-1/3),
anesponutel (JITIK-1/4, JIK-4), noneput (JIITIK-1/4), kBapuurer (JITIK-1/4 — JITIK-1/6).
Yerpipe 00pasia UMEIOT, BEPOSITHEE BCETO, Ay TUTCHHYIO IIPUPOJLY: TPHU CHICPUTOBBIE KOH-
KpeLH HEeNPaBWIbHOI (POPMBI C IPUMECHIO KBApIIa U TOJIEBBIX IINATOB C MEJIKOIIECYaHbI-
mu chepocuneputamu (JITIK-1/3), u xenesucras (?) konkpeuus (JIIIK-1/4). TIpucyrcreue
CHJIEPUTOB B pa3pe3e ckBaxuHbl BO (pakuuu 0,05-0,1 MM ormevanock Hamu panee [11].
b1 000CHOBaH UX ayTUTEHHBIH T'€HE3KC 3a CYET JAuareHe3a OpraHHYecKoro BEelecTBa
[24]. B HmkHel 9acTu pa3pesa BCTPEYaroTCs ayTUTeHHBIE THPUTOBBIE KOHKperwH [16].

OpuuM u3 BakHeHmumx moctmwkenuit sxcnequinn ACEX siBuiock onpoOoBaHue
Me3030HCKUX Mmopos xpedTa JIoMOHOCOBa M MOTy4eHHE KEPHOBOTO MaTepHaa, mo3Bos-
IOIIEr0 0XapaKTepU30BaTh €ro CTpaTHrpapUYecKue COOTHOLICHUS C NePEKPhIBAIOIIUMHU
KaiiHO30MCKuMU OTIIOKeHUsIMU. Bo3pact JIK-4 O6bu1 onpesiesieH o MUKPOTIaI€OHTOJIOTH-
YeCKUM JaHHBIM KaK KaMIaHCKHUH, YTO MPEAIojaraio HaJuyue B OCHOBAaHMH KailHO304
JnauTensHoro nepepbiBa [1]. OmgHako Gosee MO3MHUE MAIWHOIOTHYECKHUE UCCIICIOBaHMUS
nokazanu npucyrcreue B JIK-4 maacTpuxrckux (opM, YTO yKa3blBaeT Ha BEPOSITHOCTh
JIUIIB KPaTKOBPEMEHHOTO pa3MbIBa B CAMBIX HU3aX majeoreHa [23].

s netporpaduueckux McciaeloBaHUH HaMH OBbLIM IOJIyYeHBI JBa 0Opasua u3
JIK-4. Onne u3 HUX — 41X-1 — MenKo3epHHUCTHINH I'payBaKKOBBINA MECYaHUK (CpemHuit
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pasmep 3epen 0,1-0,2 MmMm) ¢ KpeMHHCTO-KapOOHATHEIM IleMeHTOM. [lopoma mopucTas,
ciabocremMenTrpoBanHas. OOJI0MOYHAs YacTh MPEACTaBIeHa cyOyIIoBaThIMU, HHOT/A
B Pa3IMYHOM CTENIEHW OKATaHHBIMH 3€pHAMH KBapla C POBHBIM IPSMBIM, OYEHB PEIKO
61109HBIM yracanueM. UyTh MEHBIIIE TIOIOBHHBI 0OJIOMOYHOM YaCTH — XOPOIIO OKaTaHHbIE
00JIOMKH BUTPOKIACTHIECKUX TY(POB U KPEMHS, PACKPUCTAILIM30BAaHHOTO O MUKPOKBAp-
UTOB. Berpedatores pekue 3epHa IIarnokiasa, MUKPOKIIMHA U CIFOANCTO-KPEMHHEBBIX
MHKpocnaHneB. Hekotopsle 3epHa KBapiia HMEOT poMONYecKyio (hopMy, XapaKTepHYIO
JUISL KBapla U3 KACIBIX 3¢ dy3nBoB. L[eMEHT OCTPOBHOM M IIIEHOYHO-KPYCTHU(HUKAIIOH-
HBIH, TI0 COCTaBy — KapOOHATHBIM (ZOJIOMUT, BOBMOXHO, CO CTSDKEHISIMH CHIIEPHTA),
MIPOTIUTAHHBIN KPEMHEKUCIOTOH.

Bropoii o6pazerr — 42-CC — aneBpoIuT ¢ TIHHACTO-KPEMHUEBBIM IIEMEHTOM, Mac-
cuBHbIH. O0IOMOYHAs YacTh IPeJICTaBIeHa IPEUMYIIECTBEHHO KBapIieM, HEOKaTaHHBIM,
ymoBaTbiM, pazMepoM 0,02—0,05 mm, enuanynblie 3epHa a0 0,2 mMm. Berpeuatores peakue
3epHa IIarHoKiIa3a, YeuIyHKu CIoll, KpeMHHUeBasi (OKpEMHEHHAs1?) OpraHnka. 3aMeTHBI
(parMeHTHI ITOXOKME Ha PACTUTEIHHBIC BOJIOKHA, 3aMEIICHHBIE aMOP(HOH KPEMHEKHCIIO-
Toi. lleMeHTHpYyIOIIas Macca — TIIMHUCTO-KPEMHHEBAs, HHTCHCHBHO NMMPUTH3HPOBAHA.

Cremyer OTMETHTH, YTO IJIsl U3y4YeHUS] HaM OBUIM TOCTYIHBI TONBKO 47 00pa3oB
n3 58, Mo3TOMY NIPUBEACHHBIE BBIIIE MOPHOMETPUIECKUE U MTeTporpapIecKue XapaKTe-
PHUCTHKH TIC€(UTOB MOTYT OBITH HE BIIOJIHE TOYHBIMU CTATHCTHUYECKH, XOTS BCE TPEHIIDI,
0€3yCII0BHO, COOTBETCTBYIOT ACHCTBUTEIHHOCTH.

OBCYXJEHUE PE3YJIBTATOB

Tosenenue nepgvix ce30HHbIX 16006. YUUTHIBAS TIONIOKECHUE CKBAXXHH B BEPITUHHON
30He xpebTa JIOMOHOCOBa M HAIMYHE BBIICPKAHHOTO «IDIAINA» KaHO30WCKUX OCAIKOB
MOITHOCTBIO Ooree 400 M, CIIOXKHO MPEICTABUTh HHOW HCTOYHUK KPYITHOMEPHBIX 00JIOMKOB
IIOMHMMO HX JIEJOBOT0/alicOeproBoro pasHoca, o MeHbleld Mepe i BepxHux 300-350
METPOB pazpe3a. ITO MOATBEPXKIAIOT UMEIOLLIUECS CEHCMUYECKUE JaHHBIE, TOKAa3bIBAIOIINE
OTCYTCTBHE BBIXOZIOB IOPOJ] aKyCTHYECKOTO (DYHAAMECHTA B OKPECTHOCTAX MPOOYPEHHBIX
ckBakuH. /[Ba 00Opasima, oToOpaHHBIC U3 OCHOBaHUS CKBaKUHEI (JIK-4), nHTepnipeTnpyroTcs
KaK IPEICTaBUTEIIN MECTHOTO KOPEHHOTO JIoXKa. Taroke BITOJHE BEpOSATHA MECTHAs IPHPOIA
necuannka u3 JIK-3, HalileHHOTO B HEMOCPEACTBEHHOH OIM30CTH OT MMAIeOeH-30I[CHOBOM
rpaHuns! (Ha ypoBHe 385,19 MHIA, 9TO COOTBETCTBYET BO3pacTy 55,2 MitH sieT). B monb3sy
9TOTO CBUACTENBCTBYIOT TEIUIBIA KITMAT U, KaK CICICTBHE, MAJasi BEPOSITHOCTD MIPUCYTCTBUS
JIBJIOB, a TaK)Ke HEeOOJIbIIAsh MOIIHOCTh HAKOIUIEHHBIX HA TOT MOMEHT CHMHOKEAHHYCCKHX
oTinoxeHuil. C Ipyroil CTOPOHBL, HEJb3s MOJHOCTHIO OTPHULATH TEOPETUUECKYIO BO3MOXK-
HOCTH KPaTKOBPEMEHHOTO MOXOJIOJAHUS M SITH30JMYECKOTO TOSBICHUS CE30HHBIX JIBIOB.
[To kpaiiHei Mepe, pacrpeaeIeHie IeCYaHo! (PPaKIUHU C TEITBI0 PEKOHCTPYKITUH JICIOBOTO
pa3HOca OBUIO M3y4YeHO TONBKO B BepxHUX 274 merpax paspesza ACEX [14]. Ognako mms
JIOKA3aTeNCTBA ATOU TUITOTE3hI HEOOXOIMMBI JIOTIOTHATEIIBHBIC TaHHBIC. AJTBTepPHATHBHBIM
MEXaHU3MOM JOCTAaBKH YKa3aHHOTO 00pa3iia MOXKET SBISTHCS PUBHOC B KOPHAX JICPEBHEB.

B moutu cromerpoBoM «OmokpeMHUCTOM» JIK-2 00Hapy)keHO BCEro Tpu OOIOMKa
ce(PUTOBON pa3sMEPHOCTH, YTO CBHIETEIBCTBYET O KpaifHe HE3HAYUTEITHHOM KOJTHYCCTBE
JIbZIOB B 2011€HOBOE BpeMsl. CaMblil «IpeBHUIT» U3 HUX, HAJCHHBIA Ha ypoBHE 240,4 MHIIT,
HHTEPIIPETUPYETCS BCEMH B Ka9E€CTBE MapKepa MOSIBICHUS IEPBBIX CE30HHBIX JIHJIOB B Ap-
KTHKe [25] okoio 41,4 MITH JIeT Ha3a, eCld UCXOMUTh 13 «CTpaTHrpaguaeckoi MOIeTH-2)
[21]. OTu naHHBIE COMIACYIOTCS C pe3yJIbTaTaMUu AETAJbHBIX MCCIIEJOBAHUMN MEeCUYaHbIX
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3epeH (> 250 MKM) M 3aBHCHMBIX OTO JIBJA THATOMOBBIX Synedropsis spp., KOTOpbIE T10-
SIBIIIMCH Ha ypoBHE 260,3 MHNA [13], 4TO COOTBETCTBYET BO3pacTy OKOJIO 43,8 MIIH JeT
B paMKax «Mozenu-2». HesHaunTenpHbIe CoAepKaHus MEHee KPYITHOH (pakiny pazMepoM
150-250 MKM (UKCHPOBANHCEH B pa3pe3e UyTh pPaHbIIe, HAYMHAS ¢ YPOBHS 273,25 MHIA
(45,4 MaH et — «mozenb-2»). OCHOBHOE KOJIMYECTBO MCE(PHUTOBOIO MarepHaia cocpe-
JIoToueHo B TeppureHHoM JIK—1, B ero BepXHHX 4eThIpex HoxKoMIniekcax (Tabmuma 1),
YTO OHO3HAYHO CBHIETEIBCTBYET 00 YCHICHUH MHTCHCHBHOCTH JIEZIOBOTO PEKUMA.

[Mepennrepnperanns naHHbIx ckBaxuHb! 913 (ODP), mpoOypenHoii B ['pennanackom
MOpe, TaKXKe MOoKa3ana HaJWu4he TaM IePEHECCHHOTO JIbJaMH O00JIOMOYHOTIO Marepualia
elle B SOICHOBBIX OTJIOXKEHUSX, HaYnHas ¢ 44 MIIH JeT Hazaz [26].

Tlepsvie naxoswvie 1b0b1. CymmecTByeT MHEHHE [8], 4TO mepBbIe makoBbIe Jbs! B CJIO
MOSIBIJIHCH YK€ B CpeltHeM 3omeHe (0Kkoio 47 MIH JeT Hazax comtacHo «Crparurpadu-
Yyeckoil Mozesu-1» nim okoino 44 MiH seT contacHo «Crparurpaduueckoil MOAEIN-2»).
JlaHHas rUnore3a He MOATBEPXKIACTCS Pe3ylbTaTaMH MCCIEIOBaHUHN IajeoTeMIeparyp
(C37:4 ankeHOHBI), COIVIACHO KOTOPBIM B CPEIHEM 30LIEHE MOIIIM CYIIECTBOBATH TOJIBKO
ce30HHBIE Tb1bI [2]. TTocne n3ydeHnst ckopocTel T0CTaBKM TEPPUTCHHBIX MHHEPAJIOB OT
BO3MOXHBIX 0OJacTelf CHoca K Touke OypeHHst (COCTABISIOMMX MEHbIIIE WM OOJIBIIE OJJHOTO
r071a) ¥ XapaKTEePHCTHKN paclpe/ie]IeHHs MHHEPaJIOB THKEJION (PpaKIiy 1o pa3pe3y Obuin
OITyOJIMKOBAHBI TPEATIONOXKEHHS O TTOSBICHUN MHOTOJICTHHUX JIHJIOB B CPETHEM MHOILICHE:
13 mutn srer Hazan [11] (coorBererByer 15,1 MitH steT Hazax B pamkax «Crparurpaduieckon
Mozenu-2») win 14 muH net [7]. CBumeTenbeTBa 00IIero MoXoIoqaHus B CPEAHEM MHUOLIE-
HE TIPUBOIMIINCH U B APYTUX padotax [27-29]. Bepcus o Gonee mo3mHeM BO3HHKHOBEHUH
IIAKOBBIX JIB/IOB OCHOBAHA Ha JAHHBIX O MPE00IalaHu CE30HHOTO TTIOKPOBA M O HAJIMYUU
«YUCTOM BOABD B HEKOTOPbIE MHTEpBaJbI IuHoLeHa [12, 30, 31] u muouena [31, 32]. Oto,
OJJHAKO, HE MCKIIIOYAeT BO3MOXXHOCTH 3ITU30ANYECKOTO MOSBICHUS MHOTOJIIETHHX JIBJIOB
B OTZAENbHBIE UHTEPBAIbl HEOTEHA WU yacTU4HOro nokposa umu CJIO, kak, Hanpumep,
B HacTosiiee Bpems. Vcronp30BaHie cCOBpEeMEHHBIX CKOpocTel npetida a1 Oomnee ApeBHNIX
Te0JIOTMYECKHX MHTEPBAJIOB BBI3BAJIO KPUTHKY, OCHOBAHHYIO Ha Pe3yJIbTaTax MOASITHPOBaHHS
[aJIE0CKOPOCTEH NepeMEIEHHS JIB/I0B, CyIIECTBEHHO YBEINUMBABIINXCS TIPH HOTEIICHHN
kimrMara [33]. He BraBasich B JeTalti 3TOH MOJICNN U He 00CyX/Iast €€ HaIe)KHOCTh, XOTEI0Ch
OBl OTMETHUTH, YTO IIEPBBIE CE30HHBIC JIBJIBI MOSBIIINCH B CPETHEM JOLEHE, 3HAYUTEIEHO
Oornee TEMJIOM MEpUOJE, TI0 CPaBHEHUIO CO CPeaHUM MHuolieHoM. Kazanock Obl, ckopocTn
JIe0BOTO Apeiida B S0IEHE JIOIDKHBI ObITh BhIe. OIHAKO aCCOIMAINS TKEIBIX MUHEpPa-
JIOB B MHUOLICHOBHIX ocaskax paspe3a ACEX, Tnnnunast 11 6osee ynaleHHbIX HCTOYHUKOB
cHoca (BocTok Mopst JlanteBbix — BoctouHo-Cubrpckoe Mope), OTCYTCTBYET B S0LIEHOBBIX
OTJIOKEHUSIX, JUISl KOTOPBIX XapaKTepHa acCOManys U3 OTHOCHUTENBHO OMM3KMX obnacted
(pernon Kapckoro mMops u 3amamHoit yacta Mopst Jlantesix) [11]. [TosTomy MBI cuutaem,
YTO MOJEIh IaJe0CKOPOCTer JenoBoro npetida [33] TpeOyeT TOMOTHUTEIHHOM TPOBEPKH,
a IPUYMHON YKa3aHHOW CMEHbI «OIIMKHHX)» UCTOYHHKOB CHOCA Ha «JaJibHUE» 13 MIH net
Hazax [11] (wmm 15,1 muH ner Hazan B paMmkax «Crparurpaduieckoil MOIenu-2») uis
ckBaxuHbl ACEX Moo ObITh Havasro (yHKIIMOHHPOBAHMS JPEBHEN CHCTEMBI MTAJICOTPaHC-
MOJIIPHOTO JIEAOBOTO Apeiida, 3apoKIaBIISHCs B BOCTOUHO-apKTHYECKUX MOPSIX M BKJIIOYa-
IOIIEH MMaKoBbIe JIbABL. B KadecTBe TeCTHPOBaHMS JaHHOW T'MIIOTE3bl HAMH HCIOIB30BAJICS
TEpPUTeHHBIH MaTeprall nce(h)uToBOH pa3MEpPHOCTH.

Bruto ycranosieHo, uto npu nepexozae ot JIIIK-1/4 x JITIK-1/3 mpoucxomut u3me-
HeHre neTporpaduiyeckux acconuanuii ncedurtos: B uaTepsaine JIK-2 — JITIK-1/4 — 3to
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KBapIIeBEIC MTECUAHUKH U KBapIuTHI, a B mHTepBaie JI[K-1/3 — JITIK-1/1 gonoaHUTENEHO
TIOSIBIISIFOTCSL CITAHIBI M ApyTHe opos! (puc. 4). BaKHO OTMETHTH, YTO HHTEPBAJ MOSIBIIE-
Hus riceutos B JITIK-1/3 cooTBeTCTBYeT YKa3aHHOMY BEIIIE YPOBHIO CMEHBI aCCOITHATTHIA
MHHEPAJIOB TSDKEJIOH (PaKIHH.

Tpancnopmuposka u naxonnenue ncegpumogozo mamepuana. Ilceputs MoryT OKa-
THIBaThCA UCKITIOYUTENHFHO B MIPHOPEkKHOM 30HE menb(oBsrx Mopei CJIO, mogsepkeHHOM
BOJTHO-NIPHOOHHOMY BO3/eHicTBHIO. Ha OCHOBaHMM 3TOTO MOKA3aTelsi MOXKHO C N3BECTHON
JI0NIel OCTOPOXKHOCTH CYANTH O CIIOC00aX TPAHCIIOPTUPOBKH I'PyOO3EpPHUCTOrO MaTepraa.
Jlydmast okaTaHHOCTH JODKHA OBITH Oosiee XapakTepHa Uil NCeHUTOB, NEPEHOCHUMBIX
JBIAMH U3 IUIDKEBBIX 007acTel, rae nmpeoliiaaeT «IKOPHBIN» 3aXBaT TaKMX OOJIOMKOB.
AlicOeproBblif MaTepraia MEHee OKaTaH, IIOCKOJIBKY IPEJCTaBIsieT OO0 B OCHOBHOM
pe3yabTar pa3pylIeHHs KOPEHHBIX TTOPOA CYIIH NpH JerIanuanuu. Takke XyaIryo oKa-
TaHHOCTH OyIyT MMETh IICE(UTHI, 3aXBadeHHBIE JbJaMI M3 NMPHOPEKHBIX oOIacTel, He
HCTIBITHIBAIOIINX BO3/ICHCTBIE aKTHBHOM THIPOJHHAMHKH.

Ha ocHoBaHmMy yxXy/uieHns BBEpX 110 pa3pe3y OKaTaHHOCTH W3YYEHHBIX HAaMH 00pasIioB
(puc. 3) MOXXHO OBIIO OBI MIPEATIONOKUTE YBEITMICHHUE O MaTepHaa aiicOeproBoro pas-
HOca B OoJiee MOJIOABIX OTIOKEHUSIX. OTHAKO B 3TOM CITydae CIeAyeT OKUIaTh BO3pacTaHMs
KOJINYEeCTBA 0OJIOMKOB KapOOHATHBIX ITOPO, TaK KaK IIABHBIM HCTOYHHKOM aiicOeproB ciry-
xat octpoBa Kanasnckolt APKTHKH, CIIOKEHHBIE B 3HAYUTENFHON CTENEHH MaJIC030HCKUMHA
kap6onaramu. I[TockonbKy U3ydeHHbIE HAMHU OOJIOMKH COXPAHSIOT TePPUTEHHBIH COCTaB MO
BCEMy pa3spesy, 0osee BEpOSTHBIM MPEICTABIIETCS UX «CHOMPCKOE) ITPOUCXOXKIICHUE U J0-
CTaBKa MOPCKHMH JIbJJAMH, B TOM YHCIIE B CHCTEME ITaICOTPAHCIIONIIPHOTO Npetda HaunHast
CO CpEIHETO MUOIIEHa. B KaduecTBe anbTepHaTHBHOTO MCTOYHMKA aiicOeproB TeOpeTHYECKN
MOXXET paccMaTpuBaThcs BepXostHCKMI XpeOeT U ero BEIBOAHBIE JIEAHNKH B CTOPOHY MOPS
JlanTeBBIX WM JTOKaNBHBIC JISTHUKOBBIE Kyrnona HoBocuOupckux octpoBoB [34]. OxHako
Macmtald 3THX 3(eMEepHBIX JIEAHNKOB ObII, BEPOSATHO, HEBEIINK, a BO3PACT CYIIECTBCHHO
JpEeBHEE MOCIEAHETO JISTHUKOBOTO MakcumyMma [34, 35]. Takum 00pa3om, st HOITBEPIK/Ie-
HUS HaJIMYWS «CHOMPCKUX» aiicOeproB B meHTpambHOM yacTd CJIO B SIOXHM MOXOMOTaHHS
KIMMata TpeOyIoTCsl OMOIHNUTENbHBIE NCCIIEIOBaHMs U apryMeHThl. OTCrofa clIemyeT, 9To
3aKOHOMEPHOE YXY/IICHHE OKaTaHHOCTH NCE(PUTOB C OMOJIIOKEHHEM BMEIAIONINX MX OT-
JIO>KEHHH, BEPOSITHO, BHI3BAHO YMCHBIICHHEM BpeMeHH HaxokaeHns JIKM B mishkeBbIX 00-
JACTSAX. JTO, B CBOIO OYEpPe/lb, MOIVIO OBITh CIIEICTBHEM HApACTAIONIEH aKTUBHOCTH 3aXBaTa
nceuTOBOro0 Marepraa JIbIaMH 110 Mepe YCHIIEHHS OOl JIEMOBUTOCTH apKTHYECKOH
aKBAaTOPHH, HA4YaBIIErocs B CpeHeM MHUOIeHe. [IoKpoB MOPCKOTO JbJja B OTHOCHTEIHEHO
MEJIKOBOAHBIX APKTHIECKHX IIENb(axX «TacuT» BOIHO-IPHOOIHYIO aKTHBHOCTB, YTO TaKXKe
CIOCOOCTBYET COXPAaHEHHIO IIOXOH OKaTaHHOCTH Nce(DUTaMU U CBUJIETEIILCTBYET B IONB3Y
3aKOHOMEPHOTO YBEIMUYEHHS KOJIMYECTBA JIHJOB B HEOT€H-YETBEPTHIHOE BPEMSL.

OtHOCHUTENEHO XOopomo okaTtaHHbIe ncedutsl u3 JIIIK-1/5 u JIIIK-1/6 (puc. 3),
BEPOSITHO, HAXOJMIINCH B TUISDKEBOH 00IAcTH MOCTAaTOYHO JUIMTEIBHOE BpEeMsl, IIOKa HE
OBUTH IOCTABJIEHBI JIbAAMH K ToUKe OypeHus. ClienryeT OTMETUTD, YTO TaK Ha3bIBAEMBIN
cioit «3edpa» — JITIK-1/5 — HakammmBazics BO BpeMs OTKPHITHS IponuBa @pama mocie
oxonyanus uzossinuu CJIO ot MupoBoro okeana [10, 21, 22]. IMeHHO TeKTOHUYECKas
aKTUBH3AIMS MOIJIA OBITH MPUYMHOHN yCHICHHS TIOCTaBKH OOJIOMOYHOTO MaTepraiia B oba-
CTH CHOCA, YTO OTPA3HIOCh B PE3KOM ITOBBIIICHNH HHTEHCHBHOCTH HAKOIICHHS IIce(hUTOB
B mpenenax JIIIK-1/5 (koaddurment [I/M = 0,58, puc. 2, Tabmuia). Kpome Toro, Hammaue
MIeCYaHBIX MPOCIIOEB B 0CA/IKaX TOPH30HTA «3€0pa» CBUIETENBCTBYET O MPOLECCaX IPO3UU
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Ha XxpeOTe 3a cYeT aKTHBHOTO BHEIAPEHHS ATIIAHTHUCCKUX BOJ 4Yepe3 OTKPHIBAIOLIMHCS
nponuB dpama, 9TO MOTIIO PUBOIUTE K NEPHOANIECKOMY BBIHOCY TOHKOTO MaTepHaia
U, B U3BECTHOH Mepe, CII0COOCTBOBATh 0OOTAIICHUIO CIIOSI KPYITHOMEPHBIMU O0JIOMKaMH.

Ocanxwu JITIK-1/4 HakarmBamick yke B HOpMaJIbHBIX OKCAaHHIECKUX YCIoBUsIX. [1ce-
(bUTOBBII MaTepuran 31eck orpaHudeH ypoBHIMH 191,22 murmg u 170,19 mumz, 9to, cormacHo
«Crparurpadraeckoil MOIeTH-2y», JaTHPYETCs paHHIM OuroneHoM (33,4 MITH JIeT) U paH-
HHUM MHOLIEHOM (22,35 MITH J1eT) cooTBeTCTBEHHO. [locTymieHne 3HaunTeNbHOTO KOJIMIECTBA
TEPPUTEHHOTO MaTepraja B MeIb(POBYIO 001acTh, Tak ke Kak u s JI[IK-1/5, Morio ObITh
MIPUYIHHON BBICOKOTO 3HadeHus koddduimenta [/M = 0,33 ans JITIK-1/4 (puc. 2), gro,
BEPOSTHO, SIBUJIOCH CIIEJCTBUEM aKTHBU3aIMU TEKTOHWYECKUX IBV)KCHHH 36MHOH KOPBI
B ITO3IHEM J01ieHe—omuroreHe. [lpyroii mpuinHON HHTEeHCH(HUKAUH TIOCTaBKU MICe(UTOBO-
ro marepuana B ocaaku JI[IK-1/4 mormo ObITh hukcupyeMoe Uit APKTHKH OJUTOIICHOBOE
noxonofanue knumMara [15, 36], npusealiee K yCUIEHHIO JEJOBOTO Pa3HOCA TEPPUTEHHOTO
Mareprana. MakcuMallbHasi HHTEHCHBHOCTD KaifHO30MCKOTO MEJIKOBOIHO-MOPCKOTO OCal-
KOHAKOIUIEHHs B IIMPKYMapKTHUECKOM T0sICE TIPUXOAUTCS] HA OJMIOIIEHOBOE BpeMs [37,
38], 9TO COOTBETCTBYET HAIIMM JaHHBIM, Tak Kak otiaokerus JIIIK-1/5 akkymynupoBaiick
B BEpXHEH 4acTH MPUAOOHCKOTO sIpyca, MPaKTUIECKH Ha TpaHuLe ¢ onuroneHoM, a JIITK-
1/4 BMeTaeT ONUToLeH MOMHOCTRIO («CTpaTurpadudeckas MOAETb-2»).

Haxormnenne nceuros B JITIK-1/3 — JITIK 1/1 mporcXomuito 3a CYET JIeIOBOTO Pa3HO-
ca, THTCHCHBHOCTh KOTOPOT'O 3aKOHOMEPHO YBEIIMYMBAIACE [T0 MEpE IOXOIOAAHNS KIINMara.

IIpobnema cpednexaiinosotickoeo nepepwvisa. I1pn aHanm3e TUTONOTNIECKOTO COCTAaBA
JITIK-1/5 u JIIIK-1/6, Mexmy KOoTOpbIMU, cortacHO «Crparurpadudeckoid Moaenu- 1y,

Puc. 5. Pacnpenenenue nceuToBoro Marepuania B OKpECTHOCTAX CPETHEKAHO30MCKOTO XHaryca.
1 — nonoxeHwue ncepuTOBOro MaTepralia B paspese; 2 — MaTHPOBKH (MJIH JIeT) cortacHo «CtpaTurpa-
(rueckoi Mmonenu-1» [1]; 3— narupoBku (MiTH J1eT) cortacHo «CTparurpadudaeckoi Mmoaenu-2» [21]

Fig. 5. Distribution of psephitic material in the vicinity of the Middle Cenozoic hiatus. / — position
of the psephitic material in the section; 2 — dating (million years) according to the “stratigraphic
model-1” [1]; 3 — dating (million years) according to the “stratigraphic model-2” [21]
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TIOMEIAeTCsl JIUTENFHBIN epephIB B 0CAAKOHAKOIUICHUH, BHIHO, YTO CIIEbl 3aMETHON
9po3uu Ha rpanuue Mexay ykazanusiMu JIIIK orcyrcrBytot. [Ipeacrasnsercs kpaiiHe
MaJIOBEPOSTHBIM, YTO B T€UCHHE 26 MIIH JIET MOIJIO IPOUCXOIUTH JIUIIh HEHAKOIUICHHE
0cajKoB, Oe3 3HaUNTEeNFHOM 3po3nu aHa. Ecin jxe 5po3ns mMena MecTo, TO OCaIKH JIOJK-
HBI B TOM MM MHOW CTETICHN 000TaTUThCS IPYO03EpHUCTHIM MaTepHaioM MM TepPUTEH-
HBIMH MHHEpaJjlaMH TsDKelol (pakiun. Pemenuro Bomrpoca o JUIMTEIbHOCTH IIepepbiBa Ha
KaueCTBEHHOM YPOBHE MOXKET ITOMOYb aHAJIN3 pacIipefeieHus Ice(UTOBOro MaTepraia
(puc. 5). HemocpencTBeHHO B paiioHe XmaTyca IceduTh He ObUTH oOHapyKeHBI. bim-
Kaie K HeMy o0pasisl pacronaratorcs Ha 1,97 m Beme (JIIIK-1/5) u Ha 6,8 M HIKE
(JITIK-1/6) rpanumsr JIIIK-1/5 — JIIIK-1/6 (puc. 5). B cny4ae, ecu ObI mepepsiB B 0Ca-
KOHAKOIIJIEHUH JEHCTBUTEIBHO ATHICS 26 MIIH JIET M 3aXBaTHIBAJl OJIUTOLIEH, N3BECTHBIN
moxonoganueM kiammMara [15, 27, 36, 39], To ncehuToBBIi MaTepra 00s3aTeIHHO TOTDKEH
ObU1 OBITH cKOHIEHTpHUpoBaH Ha rpaHute JIIIK-1/5 — JIIIK-1/6 3a cuet Oomee MHTEH-
CHBHOTO IIPHUBHOCA JbJaMu/alicoepraMul (TIpy IMOXOJIOJaHUN KIIMMATa), a Takke 3po3un/
HEHAKOIUICHHSI TOHKOTO aJIeBPOIICIMTOBOTO MaTeprana. OmHaKoO 3TOro He HaOIogaeTcs.
JlaHHBIN (QaKT ABISETCS CEPHE3HBIM apryMEHTOM B IOJB3Y HEOOJBIION INTEIHHOCTH
TIepephIBa, YTO COOTBETCTBYET «OSs-CTpaTHUrpaduecKod MOJETH-2).

3AK/IIOYEHUE

O6pasup! nicegutoB B ckBaxknHie ACEX npezcTaiieHbl B OCHOBHOM TEPPUT€HHBIMU
pa3HOCTAMH C TpeodagaHueM IecyaHukoB. M3 kapOOHATOB BCTpEUeH €AMHCTBEHHBIN W3-
BCCTHAK U TPU ayTUTI'CHHBIC CUACPUTOBBLIC KOHKPEIINH. 9t0 CBUACTEIILCTBYCT B IOJIL3Y IIpE-
MMYIIECTBEHHOW MOCTaBKH TEPPUICHHOTO MaTepralia co CTOpoHbI «CHOMPCKIX» HCTOUHUKOB.

[Tpearmnonaraercsi, YT0 OCHOBHBIM MEXaHHU3MOM JIOCTAaBKU Ipy0000OIOMOYHOTO Ma-
Tepuana K IPUIIONIIOCHON yacTu xpedra JIoMoHOCOBa OBUIM CE30HHBIE U MHOI'OJIETHUE
ab1bl B JIK-1 n JIK-2. O6pasusl u3 JIK-4 umeror MectHOe ipoucxoxkaeHue. EanHuuHblii
ncedpur u3 JIK-3, BeposiTHee BCero, MMeEET JIOKAIbHBIA HCTOYHUK, OJHAKO IOJIHOCTBIO
HCKIIIOYUTD €ro ApU(TOBYIO IPUPOAY HEJb3SL.

CoBMecTHasi MHTEpIIpeTalys OIyOJMKOBaHHBIX paHee pe3yJbTaToB MCCIEIOBAHUS
MHUHEpaIoB TsDKeNoi (pakiuu [11] U IceUTOB MO3BOJSACT CICNIATh BBHIBOA O TOM, YTO
cHCTeMa Maje0-TPaHCIIOISIPHOTO JIEAO0BOTO Apeiida BrepBbie MOSBUIACH B CPETHEM MHO-
uene (15,1 muH et Hazaz coracHo «Crpaturpaduyeckoit Mogeau-2).

Pacnipenenenue rpy0000710MOYHOTO MaTepraia o paspesy, a Takke ero Mmopdome-
TpU4ecKue 0cobeHHOCTH (yxymiienne okaranHoctu ot JIK-1/6 k JIK-1/1) cBumeTenbCcTByOT
00 MHTeHCH(UKALMK JISOBOTO 3aXBaTa TEPPUICHHOTO MaTrepualia B IUIDKEBBIX 00NacTIX
B ocankax mosnoxke JIITK-1/5, 4To roBopuT 0 3aKOHOMEPHOM TIOXOJIOIAHUH KITUMaTa.

[ToBbleHHbIE CKOpOCTH HakoIuieHus rceduros B ocaakax JITIK-1/5 — JITTK-1/4 mor-
JIN 6])ITI) CJICACTBHUEM TEKTOHUYECKOM AKTUBH3all U YBCJIUYCHUSA TEMIIOB IMOCTAaBKU
TEPPUIeHHOT0 MaTepHaia B IUISDKEBbIe 00IacTh meabPOBBIX MOpEH, TIe U MPOHCXOANIT
€ro 3aXBaT JIbJaMH.

XapaxkTtep pacnpenenenus nceduroBoro Mareprana B ocankax JIIK-1/6 u JITIK-1/5 cBu-
JIETENILCTBYET 00 OTCYTCTBUH JTMTEIHHOIO CPEIHEKAITHO30MCKOTO IepephiBa U SIBISETCS
apryMEHTOM B TOJIb3Y IPEIIOYTHTEILHOTO HCTIONB30BaHUsT «Os-CTpaTUrpauuecKoil MOIEIn».

BaaromaprocTu. JlanHas paboTa BBRIIOTHEHA MPH TOAICPKKe TpanTa Poccuiicko-
TepMaHCKOI1 J1abopaTopyy MOISIPHEIX U MOPCKUX nccaenoBanuit Orro [Imunra (OSL-13-
12). ABTOpBHI IpU3HATEIBHBI PEIIEH3CHTAM 32 KOHCTPYKTUBHBIE KOMMEHTApHH.
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Summary

This work investigates a previously unknown phenomenon taking place when a large carrier
ship moves in a channel made by an icebreaker narrower than the carrier ship. Usually, the studies
of these movement conditions assumed the center line of the ship to coincide with the channel axis
and the interaction of ship sides with channel edges to be symmetric. However, the observations
made in Ice Basin and in real conditions have shown that in most of cases interaction of ship sides
with channel edges is not symmetric. The ship moving in the channel breaks ice only with one of
her sides, the other side only rubbing against the edge. The numerical assessments of ship position
stability in the channel given in this paper made it possible to understand how this interaction becomes
asymmetric. The study also yielded ice resistance assessments for a large carrier ship moving along
the channel in these asymmetric conditions.
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YCTOHYHBOCTb.
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A.A. JOFPOJ/[EEB, H.IO. KIIEMEHTHEBA, K.E CA30OHOB

B pabote ommcan paHee HeM3BECTHHIN 3()(EKT HapyIIeHHsS CHMMETPHU ABMKEHHS KPyII-
HOTOHH@KHOTO Cy/lHa B KaHAJIE, MPOIOXKEHHOM JISJOKOJIOM, IIMPHHA KOTOPOTO MEHBINE ITHPHUHBI
MIPOBOJMMOTO CyIHA. BEIMOIHEHBI YHCIEHHbIE OI[EHKH YCTOHYHBOCTH MOJIOXKEHHS CyIHA B KaHAJE,
Pe3yABTaThl KOTOPHIX MTO3BOJIMIH 00BSICHUTh MEXaHU3M HapyIICHUS CHMMETPUH. BrImoaHeHs! npu-
OMMKEHHBIE OIEHKU JIETOBOTO CONPOTHBICHHS KPYMHOTOHHAKHOTO Cy[HA IPH HECHMMETPUIHOM
JBIKEHHH 110 KaHAJTy, TOKa3aBIINe MOBBIIIEHHYIO 3G ()eKTUBHOCTH TAKOTO ABMKEHUSI ITO0 CPAaBHEHUIO
C CHMMETPHYHBIM CITydaeM.

BBEJIEHUE

OTIMYUTENHbHOM YepToil COBPEMEHHOIO ATara pa3BUTHS MOPEILJIaBaHUS B apKTHUe-
ckux Mopsix PO spnsiercs Bce Ooliee MMPOKOE UCTIONBE30BAaHUE KPYITHOTOHHAXHBIX CY/IOB
TIPY TIPOBENICHUN TPAHCIIOPTHEIX Omepanuil. B Ommkaiimem OymyIieM mIaHupyeTcs YBEu-
YCHHUE JTOJM UCTIOB30BaHMS KPYITHOTOHHAXHBIX CYJIOB B APKTHKE B OCHOBHOM ]I 00ec-
TICYCHISI BRIBO3A YIIICBOJIOPOIOB M3 paiioHOB WX MoOkuu. Ceiyac akTUBHO 00CYXKIacTcs
BOIPOC O BO3MOXKHOCTH BBIBO3a CXKUKEHHOT'O T'a3a HE TOJIBKO B 3alaJIHOM HalpaBICHUU,
HO U B BocToyHOM [1]. Tlpuuem npu paccCMOTpPEHUH Pa3IMYHBIX TPAHCIIOPTHBIX CHCTEM,
OpPUCHTHPOBAHHBIX HA BOCTOK, 0CO00C BHUMAHUE YIEIACTCS HEOOXOMMMOCTH 00CCIICUCHUS
BBICOKUX CPEIHHUX CKOPOCTEH NBMKEHHS 1O Tpacce [2].

Bo03MOXHOCTE BBIBO3a YIIICBOIOPOIHOTO CHIPHS HA BOCTOK BJICYET 3a COOOH M3MEHe-
HUS B TPeOOBaHUSIX, MPEIBSIBISACMBIX K KPYITHOTOHHAKHOMY CynHY. [Ipy co3naHum Takux
CyZIOB, OPMEHTUPOBAHHBIX Ha TPAaHCHOPTHBIE onepanuu u3 Kapckoro Mopsi B 3amagHoM
HaIpaBJICHUM, OCHOBHOU YIIOp Jenajcs Ha 00eCIICYCHAE BO3BMOKHOCTH CaMOCTOSTEIIEHOTO
IUIaBaHUsI KPYIMHOTOHHAXXHOTO CYJIHA BO JIbJaX 0€3 HCIOIb30BaHHS JICTOKOIBLHOW MOJ-
nepxkku. [1o3ToMy HOBBIC KPYITHOTOHHAXKHBIC Ta30B03bI THIA «Kpucrod me Mapxkepu»
MOCTPOEHBI UCXOS U3 KOHLEMIUHU CYI0B «JIBOMHOTO NEHCTBUS», KOTOpas Mpeanojaraet
AKTUBHOE JIBIDKEHHUE CYZIHA BO JIbJIaX KOpMOH Briepes. OpueHTalusi Ha CaMOCTOSITENIbHOE
IJIaBaHKe BO3MOXKHA JIMIIB NPY TUIABAHUU B 3alIaJJHOM CEKTOpe APKTUKH, IPU JBUKECHUU
B BOCTOYHOM HAIPaBICHUU 0e3 JICTOKOIBHOM MOAEPKKU He 000UTHCE. [103TOMY BOIIpO-
ChI IPOBOJIKK KPYMTHOTOHHAXKHBIX CYJIOB JIETOKOJIAMU SIBIISIFOTCSI BECbMa aKTyaJIbHBIMHU.

TAKTHUKA ITPOBOJAKH KPYITHOTOHHAKHBIX CYJIOB JIEJOKOJJAMHA

B HacTosmee BpeMs UCHONB3yeTCs 1B TAKTHKH IMPOBOAKH KPYITHOTOHHA)KHBIX CY-
JIOB JIeIOKONIaMHu: AByMsI Win onHuM. Haunbonee s pekTHBHOM SBIsIeTCs] TPOBOJKA IBYMSI
JIEIOKOJIAMH, KOTOPBIE MOTYT CO3/IaTh ITMPOKHH KaHaJ, IPEBHIIAIOIINN IIMPHHY IPOBO-
auMoro cynHa. [Ipu IBIDKEeHMH TO TakoMy KaHady y Cy[JHA MPAaKTUYECKH HE BO3HUKACT
HUKAKUX 3aTpyAHEHUH, HECMOTPS Ha Psii OTIMYUI OT paHee NPUMEHSABUICICS TaKTUKU
(HanuuMe B KaHalle KPYMHOOUTOTO JIbJja, HEOOXOJMMOCTh B3aUMOACUCTBHS JIEJOKOIOB
IIPH MPOKJIaJIKE MIMPOKOro KaHana U T.II. [3]).OCHOBHBIM HEAOCTAaTKOM 3TOTO TaKTHYe-
CKOT'0 TIpHeMa SBIISIETCS €T0 BBICOKasi CTOMMOCTH M3-3a HCIIOIB30BAHUS JBYX JIEIOKOJIOB,
a TalKe MPaKTUYeCKas HEBO3MOXKHOCTh IIPUMEHEHHS NPH CYIIECTBEHHOM YBEIWYCHUN
IPY30I0TOKA, CBA3aHHAS ¢ OTCYTCTBUEM HEOOXOAMMOTO YHCIA JIEIOKOJIOB.

IToaTOMY B COBpeMEHHOI! MPAKTHUKE YaCTO UCIIOJIB3YETCS MPOBOJKA KPYITHOTOHHAXK-
HOTO CyZIHa OJJHHUM JICIOKOJIOM. B 3TOM citydae CyTHO BBIHY)KICHO ABHUIATHCS MO «y3KOMY»
JIEIOBOMY KaHay, IIMPHHA KOTOPOTO MEHBIIIE €T0 IMHUPHUHBL. J[BUTAsCH 1T0 TaKOMY KaHAIY,
CYJIHO BBIHYK/ICHO J0JIaMbIBaTh €ro KPOMKHU OopTamiu. [Ipu TeopeTnueckoM paccMOTpeHUH
TAKOTO CLIEHAPHsI TPOBOJIKU KPYITHOTOHHAKHOTO CY/IHA JIEAOKOJIOM OOBIYHO Mperoara-
€Tcsl, YTO MPOBOJMMOE CYJJHO PACIONaracTcsi TakuM o0pa3oM, YTOOBI €T0 TMaMeTpabHas
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Puc. 1. IlpoBoaxka Tankepa «IIponoHTUC)» aTOMHBIM JenoKosnoM Tuna « TaiiMeip» [4]
Fig. 1. Pilotage of Propontistanker by a Taimyr-class nuclear icebreaker [4]

IJIOCKOCTh COBMAalia ¢ OChI0 KaHana (cM., Hampumep, [3]). [Ipu sTom Habmomaercs
CUMMETPHsSI B3aUMOAEHCTBUS OOPTOB C KPOMKAMH JISIOBOTO KaHaja.

Bo BpeMs mpoBeneHusT IKCTIEPIMEHTAIBHBIX UCCICIOBAHUN B JIEIOBOM OacceiiHe
KpBUTIOBCKOTO IIEHTpa € HEThI0 BO3MOKHOCTH YBEJIIMYEHUS! CKOPOCTH JIBIDKCHHS KPYyII-
HOTOHHA)XXHBIX CYIOB, KOTOPBIC MIPOBOISTCS PA3IMYHBIMHU JISIOKOIaMH, OblII 0OHAPYKEH
HEOXXMJaHHbBIN pe3ynbTar. IIpn IpoBeJeHNN ONBITOB CAMOXOIHBIE MOAEIH CyAOB IpU
JIBIDKCHUH 110 KaHAITy, IPOJIOKCHHOMY MOJIEIIBIO JIEOKOMIA, CTPEMIIIUCH PACIIOJIORKHUTHCS
B HEM TaK, YTOOBI CHMMETPHS B3aUMOAEHCTBH OOPTOB ObLIa HapylIeHa. B GonpmmHCTBE
SKCTIEPIMEHTOB AMaMETPaIbHAS IIOCKOCTh MOZEIH CyAHA CMENlalach Ha HEKOTOPYIO
BEJINYMHA OT OCH KaHaJla, IIPH 3TOM OJHMH M3 OOPTOB MOAENHN pa3pyliai KPOMKY, a Apy-
TOif Tepcst 0 MPOTHBOIIOJIOKHYIO KPOMKY, He pa3pymas ee. [Io cooOuieHusIM KanmnTaHoB
ATOMHBIX JIEZIOKOJIOB, aHAJIOTUYHBIA 3 QeKT HaOI0maeTcss U MPH MPOBOAKAX KPYITHO-
TOHHaXXHBIX CYIOB B APKTHKE, MOATBEPIKICHHEM 3TOMY CIIyKUT (oTtorpadus (puc. 1),
3aMCTBOBaHHAsA U3 paboTel [4]. Ha sToit poTorpadum Xopomo BUAHO, YTO KPYIHOTOH-
Ha)KHBIM TaHKEp JBIDKETCS 0 KaHAY, IPOJIOKEHHOMY aTOMHBIM JIEIOKOIOM « TaiiMBbIp»,
CO CMELIEHHEM OT €T0 OCH M pa3pylIaeT KPOMKY JIbJla TOJIBKO OJHUM OopToM. MOXKHO
MIPEATIONOXKHUTh, YTO TAKOH PEKUM JBM)KEHHS MOXKET PEalIM30BBIBATHCS TOJIBKO IIPH BBI-
nojiHeHuu ycnosust B, > 0,5B , rie B, — mivpuHa cyjaHa, B, — IHUpHUHA JIEJ0BOr0 KaHaa,
JUISL Pa3IIMYHbIX TOJIIWH JIbAa. [Ipy HapyIIeHNH 3TOTO0 HEPaBEHCTBAa B HECUMMETPUYHOM
CUTYaIlllU C KPOMKOW KaHaa OyoyT B3aMMOJEHCTBOBaTh 00a OopTa cyaHa, 9TO MPUBOTUT
K HEBO3MOXXHOCTH PEAJIN3AIMN TaKOTO JIBHKECHUSL.

YUCJEHHAS OLIEHKA YCTOMYHMBOI'O MOJIOKEHUSI
KPYITHOTOHHAKHOI'O CYJJHA B «Y3KOM» KAHAJIE
st BBIACHEHUS] PUYHH, BBI3BIBAIOIIMX HAPYLICHHE CUMMETPUU JIBUIKEHUSI KPYTI-
HOTOHHA)KHOTO CyITHAa B «y3KOM» KaHalle, Oblla OCYIIECCTBIICHA YHCIICHHAS OlleHKa. J{iis ee
BBINOJIHEHHS MCTIONB30BAIKCH MPOCThIE MaTEMaTUIECKUE MOJIENN: METOJ] pacuera JIeOBOro
conporupierus cynHa b.I1. Monosa [5] n koaddurments FO.A. lnvanckoro [6]. [Tomyammu-
puueckuii Mmeton b.I1. loHoBa MO3BOMSIET JIETKO yUECTh MPH pacyeTe JISJOBOTO COMPOTHRIECHUS

202



A.A. JOFPOJ/[EEB, H.IO. KIIEMEHTHEBA, K.E CA30OHOB

Puc. 2. PacueTHas cxeMa 3agaun

Fig. 2. Calculation layout of the problem

HaJIM4Ke JISJIOBOTO KaHaJIa, a TAK)KE CMEIEHUE Cy/IHa OTHOCHTEIIBHO ero ocH. Koaddurments
FO.A. IllumaHCKOrO, paccCUMTHIBaEMBIC MO TEOPETUYECKOMY UEePTEeXKY CY[IHA, JAalOT BO3MOXK-
HOCTb I10 BBIYKCIICHHOH CHJIE JIEZIOBOTO COMPOTUBIICHHS ONPEIEIUTh BETMYMHY OOKOBOM CHIIBL.

IIpuBOoIUMBIEC HMXE PE3YNIBTAaThl PACUETOB OBUIM MOITYYEHBI I THIIOTETHYECKOTO
KPYMHOTOHHAXHOTO CyAHA JUIMHOM IO BaTepiauHuu 240 M, JIMHOM LHMIMHAPUYECKON
BcraBku 140 M u mmpunoit 50 M. Y paccMaTpuBaeMoOro CyJHa HaKJIOH OOPTOB B paiioHe
PAaCIONIOKEHHS [IMINHIAPUYECKON BCTaBKU OTCYTCTBOBaJ. PacueTsl MpOBOAMINCE MPU
BapbUPOBAHUH IIMPUHBI JIEJJOBOTO KaHajla, MPOJI0KEHHOT0 JieoKkoIoM. CKOpOCTh JBHKeE-
HUS Cy[Ha BO BCEX pacueTax NMpHHUMAaIack IOCTOSHHON U cocTaBisna 3 y3na. B xoxe ux
BBITIOJIHEHHSI OTIPECISUTUCH JISIOBOE CONIPOTUBIICHNE M CyMMapHas O0KoBas cujia, pes-
CTaBJIsAIONIasl COO0H pPa3HOCTh MEXKIY MONEPEYHBIMU CHIIAMHU, BOSHUKAIOUIMMH Ha JIEBOM
U mpaBoM OopTax cynHa. PacueTHas cxema, B COOTBETCTBHU C KOTOPOH PacCUUTHIBAIIICH
CHJIOBBIC MTapaMeTphl IBMKEHUS CylHA IPH 3alaHHOM CMEIIEeHUH S TnaMeTpalbHON TIo-
CKOCTH § OT OCH KaHajla B CTOPOHY IpaBoro 00pTa, JUisi OJHOTO U3 BO3MOXHBIX TTOJIOKEHUIH
KPYITHOTOHHA)KHOTO Cy/HA B «y3KOM» KaHaje MpeJIcTaBleHa Ha puc. 2.

Ha npuBoaumbix Hmke rpadukax (puc. 3) npeiacrabiieHa BeJIMYHMHA CYyMMapHOW
OOKOBO¥1 CHIIBI, OTHECEHHAs! K BEIMYMHE JIEAOBOTO COIPOTUBIICHUS CyHA MIPH JABUKEHUU
IO JIEJOBOMY KaHaly B CHMMETPHYHOM MOJIOKEeHUH. OTHOCHUTEIIbHBIE BETMYMHBI BEIOPAHBI
JUTsL TIPOCTOTHI aHaIM3a, T.K. B JaHHOW paboTe OCHOBHOM 3a/iaueil SBJISETCS BBISCHEHUE
MIPUYHH, TPUBOAALINX K HApYIICHUI0 CUMMETPHH JIBHKEHUS Cy/HA IO KaHaTy.

AHasu3 IaHHBIX, IPUBEICHHBIX HAa PUC. 3, IO3BOJISIET CIEAYIONMM 00pa3oM oIicarh
MEXaHU3M HapyIICHUS CUMMETPHUM IBIDKEHHUS KPYITHOTOHHAXHOTO CyQHA IO «Y3KOMY»
kaHany. CUMMETpUYHOE JIBIKEHHUE SBJISETCSl yCTOWYMBBIM. OO 3TOM CBHIETENBCTBYIOT
pe3ynbTaThl pacyeTa MpH MaJbIX CMEUICHUAX AUaMEeTPalbHON MIOCKOCTU OT OCH KaHaja
(puc. 30). IIpu Taknx cMeIIEHHSIX BO3HMKAET BOCCTAHABIIMBAIOLIAsl CHJIA, KOTOPAs TIpe-
IIATCTBYET JaJbHEIIeMy HapacTaHUIO BO3MYIIeHHH. OHAKO 3Ta CUJIa peau3yeTcs TOIbKO
pHu HeOONBIIMX cMelleHusX. [Ipn BO3HUKHOBEHHH OOJIBLIETO CMELIeHHUs, HallpuMep,
13-32 JIOKAJILHOI'O M3MEHEHHs TOJIUHBI JIbJja W/HIK €ro NPOYHOCTHBIX CBOMCTB, CYIHO
IoTajaeT B 30Hy ACHCTBUS BO3MYyLIaroLIeil cuisl (puc. 3a), KOTOpas yBeIUUYUBACTCS IIPU
JalbHEHIIEeM yBEJIMYEHUU CMELIeHHs. Takoe MojiokeHue CynHa OyneT HeyCTOIUMBBIM,
CMelIeHHEe YBEITMUNBACTCS, U CYTHO OUeHb OBICTPO 3aHUMAEeT HECUMMETPHYHOE MONOXKEHHE
B KaHajie. B aToM nonoxennn cymmapHasi OokoBasi criia paBHa Hymo. HecummerpuiHoe
MIOJIOXKEHUE CyAHA SIBJIAETCS YCTOHYMBBIM, IIPUYEM JJIS BBIBEACHUS Cy[JHA U3 3TOTO IO-
JIO)KEHHSI HEOOXOAUMO MPUKIIAJIBIBATH JIOBOJIBHO OOJIBILINE YCHIIHS.

OnucaHHas BBIIIE CUTyallls BO3MOXKHA, €CITH BBIIIOIHAETCS YCIOBHUE, IIPU KOTOPOM
JIJIOBOE CONPOTHBIICHHUE BXOASIIETO B JI/ IPABOT0 OOpTa CylaHa OKa3bIBACTCsI HHIXKE JIE0-
BOTO COMPOTHBIICHUS BBIXOJISILIETO M30 JibJia JeBoro 6opra. ChopMynnpoBaHHOE yCIOBHE
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a)

(Ff- F;) /R 1

—_—— h= I,UM h

Puc. 3. 3aBHCHMOCTh OTHOCHTENIBHOW CyMMapHO# OOKOBOW CHJIBI OT CMEIICHHUS TUaMeTpaIbHOM
TUIOCKOCTHU CyJIHA OT OCH KaHaja, IIMPUHbI KaHaNa U TOILIMHBI JbJa.

a — TIOJTHBIN BHJI 3aBUCUMOCTH, 6 — HaYaIbHBII Y4aCTOK 3aBUCUMOCTH IIPHU MaJIbIX CMCIICHUAX

Fig. 3. Relative total side force versus ship CL shift from the channel axis, channel width and ice
thickness.

a — completecurve; 6 — initial part of the curve at small shifts

BBIIVIIAAT AOBOJIBHO IMapaJOKCaJIbHbIM, TEM HE MCHEC TaKasd BO3MOXHOCTDH JICTKO MOXKET
PCaIN30BaTHCA Y KPYIMHOTOHHAXHBIX CYJ0B, UMCIOIIUX NPAMOCTCHHBIC 60pTa B paﬁOHe
HHHHHHpH‘{eCKOﬁ BCTaBKH. HpI/I 3aJaHHbIX IIAaBHBIX pa3MEpCHHUAX CyJiHa €ro JCIA0BOC
COIIPOTHUBJICHUC 3aBUCUT OT (l)OpMI)I HOCOBOM OKOHEYHOCTH, KOTOpas XapaKTCpU3yeTCsa
yriiaMH1 HaKJIOHAa BaTCpPJIMHUN, TCOPETUUCCKUX IIIMAHTIOYTOB U 6aTOKCOB. Y OOJIBIIMHCTBA
KPYNHOTOHHAXHBIX CYIOB IEPEXO] OT HOCOBOI'O 3a0CTPECHUS K IlI/IJ'II/IH)IPI/I‘ICCKOﬁ BCTaBKC
XapaKTepU3yCTCd OYCHb MaJIbIMU 3HAUYCHUSAMMU YITIOB HAKJIOHA BATCPJIMHUN WU LIITAHTOYTOB.
Ecmu CyaHO B3aHMOI[eI710TByeT C JICASTHBIM IMOKPOBOM 3TUMH y4YaCTKaMU 60pTa, TO JICAOBOC
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COIIPOTHBIIEHUE Bo3pacTaeT. CMeIeHne e Hadala B3anMOIEHCTBHS CO JIBIIOM B CTOPOHY
(opIITEBHS 3aMETHO YIydYIIaeT JEJOKOIbHbIE CIIOCOOHOCTH CynHa. M3 mpHuBeneHHBIX
pacCyXIeHUH CIeAyeT, YTO BIIOJHE MOXKET CYIIECTBOBATh Takasi (hopMa KOpIryca KpyI-
HOTOHHAXHOTO CYIHA, JUI KOTOPOW ONMHMCAaHHBIN BbImie 3QQeKT He OyIeT MpOsSBISATHCS.
Bo3moxHO, 3¢ ekt OyneT oTcyTCTBOBaTh Y CyAOB, HIMIIMHIPHYIECKass BCTaBKA KOTOPBIX
nMeeT HakJoH 6opta 10 u Gomee TpagycoB.

Jannble puc. 3 naroT BO3MOXKHOCTH NTPOAHAJIM3HPOBATh BIHMSHUE Ha MPOSBICHHUE
s¢dexTa HapymeHUs] CHMMETPHH TaKUX (akTOpoB, KaK IIMpHUHA KaHaJla M TOJIIIMHA
Jb1a. MOXXHO KOHCTaTHpOBaTh, YTO 3TH (PAKTOPHI HE OKAa3bIBAIOT 3aMETHOTO BIIHSHUSL.
[Ipn ymeHbpIIEHNH OIMPHHBI KaHalla MPOIecC CMEHBI MOJIOKEHNS Cy[Ha B KaHaJe Mpo-
HCXOIUT MEIJICHHEE, YTO CBS3aHO CO CKOPOCTHIO BO3PACTaHMS CYMMAapHOM IOIEpPEYHON
CHJIBI, KOTOpast TPH HEOOIBIINX CMEICHMAX N3MEHSETCS OTHOCUTENBHO MeuIeHHO. [Ipn
YMEHBIICHUH MIMPUHBI KaHAJA IPOUCXOUT TAKKE HEKOTOPOE YBEIMICHHUE 30HbI EHCTBHA
BOCCTaHABJIMBAOLICH CHIIBI, IPUBOJSIIEE K YBETHUCHNIO YCTOWINBOCTH CUMMETPHYHOTO
JBIDKCHUS. YKa3aHHbIE 0COOCHHOCTH TaKXe CBS3aHBI C (hOPMOI HOCOBOW OKOHEYHOCTH
cynHa. [Ipn yMeHbpIIEeHHON IIMpHUHE KaHaja KOPIyC CyIHa BHAYaje B3aHMMOJEHCTBYyeT
€ KPOMKaMH y4acTKaMHi OOpTOB, KOTOPBIE 00IaIaf0T JOCTAaTOYHOM JIETOKOIBHOM CIIOCO0-
HocThi0. TommuHa Jp/1a HE BIUSAET Ha XapaKTep COXPAHEHUsS U MOTEPH yCTOWIHBOCTH
MIOJIOXKEHNUS Cy/Ha B KaHane. OHa JINIIb MPUBOANT K HE3HAUYUTEIHLHOMY YBEINYCHUIO
CYMMAapHOU NOMEPEYHOU CHJIBL.

COIIPOTUBJIIEHUE KPYITHOTOHHAKHOI'O CYJIHA
NP1 HECUMMETPUYHOM JIBUKEHUU 110 KAHAJIY

[TprOnKeHHBII pacyeT JIEZI0BOrO COMPOTHBIICHHS Cy/IHA IPU HECUMMETPHYHOM JIBIIKE-
HHH TI0 Y3KOMY» KaHaTy MO’KHO TaKoKe BBITTOIHUTE C MCIonb3oBanueM ¢opmyisl b.I1. MoHo-
Ba. 1 3TOro HEOOXOAUMO OIPEJENUTh CONPOTUBIEHUE HEKOTOPOro YCIOBHOIO KOpILyca,
KOTOPBIA MOMKET OBITh TOyueH MonuduKarmel ncxomaHoro kopiyca. Jist atoro u3 obei
IIMPUHBI CyJHA BHMMTAETCSA IMIMPUHA JienoBoro kanana B — B . Ilomyyennas BennyuHa 3a-
JlaeT OpAMHATY TOYKH BAaTEPIMHUH, B KOTOPOH OOPT CynHa HAYMHAET B3aMMOJEHCTBOBATH
C KPOMKOH KaHaJla IPY HECUMMETPUYHOM JIBM)KEHHH. DTa TOYKA CUMTAETCS] HOCOBOM TOUKOM
JUIsL MOIM(HUIIMPOBAHHOTO Kopiryca. JIjist Moau(HUIMpOBaHHOIO KOpITyca YTkl HAaKJIOHA Ba-
TEPIIMHMH K THaMeTPaIbHON IIIOCKOCTH M HaKJIOHA IINAHTOYTOB COXPAHSIOT CBOM 3HAYCHMSI,
OHH HCIOJB3YIOTCS KaK JUIs pacueTa COIPOTHBIICHHS, TaK U ISl HAXOXKIEHHS KO3 PHUIMEeHTa
[umanckoro. [lvpyrHa MOaMpUIMPOBAHHOTO Kopryca papHa B'= B —2Y . JlinuHa HocoBOTo
3a0cTpenus L 'MOoaM(pUIMPOBAHHOIO KOPITyca ONpEENseTcs 1o hopMye:

L'=X-L,/2,

rae L, — JUIMHA LMITMHAPHYECKOH BCTABKH MCXOHOTO Kopmyca; X, ¥ — aberucca
W OpAMHATA TOYKU BAaTCPIMHUH, B KOTOPOH OOPT CyIHAa HAYMHACT B3aUMOICHCTBOBATDH
C KPOMKO# KaHaa IpH HECHMMETPUYHOM IBHKCHHUH.

JlenoBoe compoTHBICHHE MOOH(BHIMPOBAHHOIO KOPITYCa PACCUUTHIBACTCS IO METOIY
B.I1. MoHOBa ¢ MCXOMHBIMU AHHBIMHU, KOTOpBIE OBUTH OIPENeNieHbI BhIle. Pe3ynbrarsl
pacdueToB JensATCs Ha 2, T.K. pa3pyLICHHE JibJa NPOUCXOAUT TONbKO oxHUM GoptoM. Ha
Jpyroit 60pT KPYIHOTOHHA)KHOTO CyIHA ACHCTBYET CHJIa TPEHHS O KPOMKY JISIOBOTO Ka-
Hasa. OHa MOXeT OBITH OlpeiesieHa ¢ HoMoIIbIo Koadduimenta IlInmanckoro. Mroroas
(bopMysIa I pacueTa CONPOTHBICHUS KPYITHOTOHHAXKHOTO Cy/IHA IIPH HECHMMETPUYHOM
JBIYKCHHUH T10 JISIOBOMY KaHaJy MOXKET OBITh 3aIlllCaHa CISAYIOIHM 00pa3oM:
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Puc. 4. 3aBUCHMOCTh OTHOCHTEIIEHOTO COIIPOTUBJICHUA Cy/IHA OT IIMPHUHBLI KaHala I[IpU HECUMME-
TPUYHOM JABUIKCHUUN

Fig. 4 Relative resistance of asymmetrically moving ship versus channel width

R,=(R,,/2)1+fmn,,)
rae R, — J€e10BO€e CONPOTHBIEHNE MOAU(HIMPOBAHHOTO C yYETOM HECHMMETPHYHOTO
IBYKEHHUS 1O KaHaTy Kopmyca; f,, — KO3((HIMEHT TpeHus Jbaa 00 oOImHMBKY Koprmyca
cynHa; M, — kodp¢uuuent [lnmanckoro s MOTM(HUIMPOBAHHOTO KOpIyCa.

[To npuBeneHHOI BhIIE GopMyIe OBUIN BBITOIHEHBI PACUETHI, PE3YJILTAaThl KOTOPBIX
NIPUBEJICHBI Ha pHC. 4. B BUJIE 3aBUCHMOCTH OTHOILICHHUS CONIPOTUBIICHUS ITPA HECHMMeE-
TPHYHOM JIBHJKEHHHU R, K COTIPOTUBJIEHHIO B CHMMETPUYHOM Cllydae R, .

Pesynbrarel pacyera MOKa3bIBalOT, YTO HECHMMETPUYHOE JBM)KEHHE KPYIMTHOTOH-
Ha)KHOTO CyJHA 110 «y3KOMY» KaHaJly IPOUCXOJIUT IPH MEHBIIEM YPOBHE JICIIOBOTO CO-
NIPOTHUBJICHHUS, YeM CUMMETPUYHOE ABIKeHHe. [IprueM sddekT yBennuuBaercs 1o Mepe
BO3pacTaHMs TOJNIIMHBI ITPEOI0JICBAEMOTO JIb/aA.

3AK/IOYEHUE

B pabore nano o0bsicHeHre 3)(HEKTy HAPYIICHHS CHMMETPHUH TIPH ABIKCHUN KPYII-
HOTOHH&)KHOTO CYJTHA 110 Ky3KOMY» JIeZIOBOMY KaHaily. Ha ocHOBaHMH pe3ysIbTaToB OLEHOU-
HBIX PACYETOB ObLJIO MOKAa3aHO, YTO CHMMETPUYHOE JIBUKEHUE 00JIa/IaeT YCTOWIUBOCTBIO,
KOTOpasi TEM He MEHee MOXKET ObITh JOCTATOYHO JIETKO HApYIIeHA JeHCTBUEM pa3InuHbIX
BHEUIHUX (DaKTOPOB, TAKUX KaK JIOKAJIbHbIE N3MEHEHHS TOJIIIMHBI U IPOYHOCTHBIX CBOWCTB
MpeoioIeBaeMoro Jib/a. JleiicTBre 3TuX (GakTopoB MOXKET IIPUBECTH K CAMOIIPOU3BOJIBHO-
MY CMEILEHHIO TUaMETPaIbHOMN TUIOCKOCTH CY[IHa OTHOCHTEIIFHO OcH KaHana. Eciu 3To
CMELICHHUE MPEBBICUT HEKOTOPYIO BEJIMYHHY, TO MOJIOXKEHUE CylHA B KaHaJe CTAHOBUTCS
HEYCTOWYMBBIM U OHO MEPEXOAUT B JAPYroe yCTOWYMBOE MOJIOKEHHUE, [IPU KOTOPOM OJIMH
00pT CyaHa pa3pyliaeT KPOMKY KaHalya, a JIPYrod TPETCs O MPOTUBOIOIOKHYIO KPOMKY.
B03MOXKHOCTB Takoro mepexojia 13 OJHOTO YCTOHYMBOIO MOJIOKEHHS B JPYyroe onpese-
nsieTcsi 0coOeHHOCTSIMU (DOPMBI KOpITyca KPyIHOTOHHa)KHOTO CYJHA B paiioHe HOCOBOTO
3a0CTPEHUsI M LWJINHIPUYECKON BCTABKH.
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BeIonHEHHBIE OIIEHKH JISIOBOTO CONPOTHUBIICHUS CyAHA IPH HECUMMETPUIHOM pe-
KM€ JIBIDKCHHS TTOKA3aJIH, YTO TAKOH PEKMM sBISIeTCs Ooree BRIroaHbIM. JlemoBoe compo-
THBJICHHE MOJKET CHIKAThCS HA BENMUYHUHY 10 50 % 110 OTHOIICHNS K CHMMETPUYHOMY JBH-
JKEHHIO B 3aBUCHMOCTH OT TOJIIIMHBI IIPEOA0IEBAEMOT0 JIbAA M IIMPHHBI JIEOBOTO KaHAA.

Omnucannblii B pabote 3 (et HapymIeHNsI CAMMETPUH IBHKEHHST HEOOXOANMO y4IH-
TBHIBaTh NPH IUIAHWPOBAHUH TPAHCHOPTHBIX ONEpanyil MO MPOBOAKE KPYITHOTOHHAKHBIX
cynos nenokonamu. C OJHOH CTOPOHBI, CHIDKCHHE JIEOBOTO COIIPOTHBIICHHS MPH He-
CHMMETPHYHOM JIBH)KEHHH ITTO3BOJISICT YBEJIMYUTH CKOPOCTh MPOBOAKH cyaHa. C apyroit
CTOPOHBI, CHW)KEHHE COIPOTHBIICHNS YBEJINYNBACT TOPMO3HON ITyTh CYJHA, YTO MOXKET
MIPUBECTH K aBapUIHBIM CUTyarusiM. 110 MHEHHIO aBTOPOB, ONMCaHHBIN AP dexT nomkeH
ObBITH OoJiee AeTaTbHO MCCIIEA0BAH B JalbHEHIIIEM.

BaarogapHocT. ABTOPHI BRIpaXkaloT OmarogapHocTs pykoBoacTBy OI'VII « Atom-
(GroT» 33 CTUMYIISILIUIO HCCIIENOBATENBCKUX PAOOT MO 00ECTICYEHHIO TPOBOAKH KPYITHOTOH-
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Summary

Estimation of the oil spill size at continuous spills on the moving sea surface or on the drifting ice
field is the actual practical problem. Engineering estimation means the reduction of the hydrodynamic
equations system to the balance of only two main forces that cause movement and resistance of the
oil flow. From the simplified problem statement some practical relations were obtained for estimating
the size of spill, including continuous oil spill with surface water currents presence, for spill onto
porous snow-ice cover and onto the drifting ice cover. The obtained estimations can be used in more
complicated models of oil spill transformation in the marine environment, primarily in the Arctic zone,
and give basis for development of adequate responses on oil spills. The comparison of the obtained
estimates with the self-similar solutions of the corresponding equations of motion of the spreading
substance shows a satisfactory fit.
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IIpn penreHny MHOTHX IPAaKTHYECKHX 3aad 4acTO ObIBaeT HEOOXOMUMO OBICTPO OIEHHUTH
pa3Mepsl HeTSHOTO IISTHA, T.€. MONYyYHTh HWHXKEHEPHYIO OIeHKY. VIHKeHepHas OLeHKa pa3MepoB
HE(TIHOTO IIATHA MOTYYaeTCs IPH PACCMOTPEHUH YIIPOIIEHHOHW ITOCTAaHOBKH 3a/1a4M, CBEICHHOM
Kk OaylaHCy OCHOBHBIX ICHCTBYIOMNX CHII. VI3 yrpoIeHHO TOCTaHOBKH 33/1a4H B HACTOSIIEH CcTaThe
OBLIM MOJTydEHBI NIPAKTHIECKHE COOTHONICHUS IS OIIEHWBAHUS Pa3MEpOB Pa3iuBa MPH MPOIOI-
XKHUTETBHOM cOpoce He(TH Ha IBIKYIIYIOCS MOPCKYIO MOBEPXHOCT U Ha JpeH(YIOmUiA TeasHOM
TIOKPOB C y4eTOM (pHIIBTpaIuy B IIOPHCTYIO cpexy. [loirydeHHbIe OIEHKH MOTYT OBITh HCIIOTb30BaHBI
B OoJIee CIOXKHBIX MOZIEIISIX TPaHC(OPMAIMU HEQTSHOTO pa3iiBa B MOPCKOIT cpefie, B EPBYIO 0de-
penb B APKTHUECKOH 30HE, M IAI0T OCHOBAHMS JUTS pa3pabOTKH aJleKBaTHEIX MEp pearnpoBaHUs Ha
pa3nuBel. CpaBHEHHE MOTYYEHHBIX OIIEHOK ITapaMEeTPOB Pa3iIiBa C aBTOMOJETBHBIMHI 1 YHCIICHHBIMA
pelIeHIsIMHE 33/1a4 OKa3aJo YIOBIETBOPUTEIEHOE COOTBETCTBHE.

BBEJIEHUE

[Trpoko pacnpocTpaHEHHBIM TIOIXOA0M IIPU OLIEHKAX pa3MepoB HE(TSIHOro MmsiTHa
Ha IMOBEPXHOCTH MOPS SABJISIETCS YIPOILIECHHE MaTeMaTHIeCKOM OCTaHOBKH 3a1a4H O pac-
TEKaHWH, KOT/Ia MPEIoIaraeTcsi 0agaHc CHIIbI COMPOTHBICHUS IBHKCHUIO HEPTH U TIpe-
obnanaroeil n3 BbI3bIBaOIIUX JBIDKeHHE cui [1-3]. B psae pador [4, 5] ormevaercs, 4To
BBIJIENICHUE U3 BCeX (DAKTOPOB, OTBEYAIOIINX 32 PACTEKAHUE, «IBYX OCHOBHBIX» SIBIISIETCS
rpyOosiM npubmmkenueM. OpHako cooTHolneHus: Dasi 1715 OLEHKH pa3MepoB 00JIacTH
HE(TSHOTO 3arps3HEHHs, MPEUIOKEHHbBIE OKOJIO NOJNyBEeKa Ha3aJ], OKa3aJKhCh OJHUM U3
HauboJee MPOCTHIX CIIOCOOOB pacyueTa MapaMeTpoB pa3iiuBa He(TH U MO ITOi NpUYUHE
BOCTPEOOBaHbI B IPAKTUYECKUX 3a]a4ax.

['paBUTaIMOHHO-BA3KUI PEXKHUM TEUSHUS JUIsl pacTeKaHus He(TSIHOTO MATHA IO CII0-
KOWHOM MOBEPXHOCTH BOJIBI, 110 D310, CKIIaAbIBACTCS U3 OaslaHCca CHJI TPABUTAIIUH U BSI3-
KOTO TpEeHUsl Ha rpaHulle HeTb—Bona. [[puHKMMas BO BHUMaHUe, YTO HEPTH pacTeKaeTcs
[0 BEpPXHEMY TypOYy/IM3UPOBAHHOMY CJIOI0 OKeaHa, a pa3Mepbl HEPTSHOIO CIIMKA YacTo
COCTaBJISIFOT COTHU M THICSIYM METPOB, MOJIE/Ib TPEHHUS Ha TpaHMIC pa3zaena HeTh—Boaa
B BH/C CTAI[HOHAPHOTO IOIPAHHYHOIO CIIOS C JIorapu(hMUUISCKUM MPOGHUIEM Pa3HOCTH
CKOPOCTEii MpeICTaBIsIeTCs Ooee peaarcTuuHoi. B pabore [6] oOpaiiieHO BHUMaHHE Ha
TO, YTO IIPU PACTCKAHUU B €CTCCTBCHHBIX YCJIIOBUAX W 3HAYUTCIBHBIX pasMepax pas3jin-
BOB CHIIy TPEHHsI HE()TH O BOAY MOXKHO MPEICTABUTh KaK MPONOPLUOHAIBHYIO PA3HOCTH
JIOKAJIBbHBIX CKOpOCTeﬁ He(bTI/I " BOJBI, B OTIIMYHEC OT CTAaBIIMUX KJIACCHYCCKHUMHU pa60T
[1, 3], tne TpeHue Mexay HEDTHIO M BOIOW MPUHUMAIOCH HA OCHOBE TEOPUH JIAMHHAP-
HOTO TOTPAHUYHOTO CIIOS.

Tak wiu vHave, BHIOOP MOJENU TPEHUS MPU PACTEKaHUU HEe(TH MO MOBEPXHOCTH
MOpPs 0CTACTCA BOIIPOCOM, HE UMCIOIIMM Ha CCFOZ[HS[IHHI/Iﬁ JCHb CTPOroro peucHus. 3ame-
THUM, YTO aHAIMTUYCCKUE PELHICHNUA MOT'YT 6I)ITI) HaﬁZ[CHI)I JAJIEKO HE JUIA BCEX MPAKTUICCKU
BaXKHBIX clieHapueB copoca HepTH. C Ipyroil CTOPOHBI, JaXKe yCIEIIHbIE MOBITKY Ha-
XOXKIACHUS aHAJIUTUYCCKUX peHICHI/Iﬁ JUIs1 OTHOMEPHBIX MJIM OCECUMMETPUYHBIX BAPUAHTOB
pacTCKaHuA CONPAKECHBI C LICTIBIM PsAI0M npennonoeruﬁ, HarpuMmep, 0 MOACIN TPEHUA HA
rpaHuIe paszena HeTb—BoIa WM 00 OTHOCUTENHHON BaXKHOCTH TEX WM MHBIX (DaKTOPOB,
BIIMAOIINX HA TCUYCHHEC Heq)TI/I. B urore HOECHHOCTh AaHAJIMTUYCCKUX pe[HeHI/Iﬁ IMPUMEHHN-
TEJILHO K PeajibHbIM Pa3iiBaM He(TH B MOpE MOXET OBbITh [TOCTaBIICHA [0/l COMHEHHE.

B craTtbe paccMOTpeHBI HECKOJIBKO MIPAKTHUECKU BaKHBIX CIIyYaeB PAaCIpPOCTPAHEHUS
He(bTH IO MMOBEPXHOCTH MOPs, JJId KOTOPBIX K HACTOALIIEMY BPEMEHN HET OTOBBIX MaTe-
MaTn4yecKux penreHuil. [Ipemiaraemslii OAX0M K OLEHHUBAHUIO TTAPAMETPOB HE(DTSIHOTO
pas3nuBa MPUMEHEH K 3a/lade O pacTeKaHUM He(TH WM HEe(TENPOLYKTOB MO HOPUCTOM
TIOBEPXHOCTH JibJla U CHETa. HOJ’Iy‘IeHBI HEKOTOPHBIC IMOJIC3HBIC q)yHKIlI/IOHaJ'[I)HI)IC 3aBU-
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IIPUKJIA/[HBIE ITPOBJIEMbI

CHUMOCTH Ha OCHOBAaHHH OLICHHUBaHHWA OCHOBHBIX ,I[CﬁCTBymH.IHX CHJI 4€pe3 pa3sMEPHBIC T1a-
PpaMEeTphI 3a1a91 U TCOMETPUICCKUC XaAPAKTCPUCTUKH pa3JIMBa. M310xeHHBIN HIDKE 13(0)10.(V)i
ABTOPBI IIpEAJIaratoT UCIOJIb30BATh B KAY€CTBC NPECABAPUTCIIbHBIX OLCHOK I’COMCTPHUICCKUX
pasMepoB obmactu Heq)T?[HOI‘O 3arpsA3HCHUS. Ha TIEPBOM STane, Ajid MpOCTOThI aHAIU3a
paccMarpuBacMbIX 3a44a4, OBLIO CACIAaHO MPCANOJIOKEHNUE, YTO UBMCHCHHUEM MACChI pac-
TeKaIOH.ICﬁCSI Cy6CTaHI_[I/II/I 3a CHCT UCHApPCHUA U U3MCHCHUCM (1)I/I3I/I‘I€CKI/IX napamMmeTpoB
paCTeKaIOH.IeﬁCH Cy6CTaH]_[I/II/I, TaKuX KaK IINIOTHOCTb M BA3KOCTH, MOXXHO npeHereqL.
Taxkum 06pa30M, MOXXHO CUHUTATh, YTO OLICHKH, IMOJYYCHHBIC HHUKE, OTHOCATCA K TaK Ha-
3bIBACMbIM KOHCCPBATUBHBIM OLICHKAM, T.€. IOJTYYCHHBIM C 3a11aCoOM, WJIN MAaKCUMAJIbHBIM.

A,I[eKBaTHOC TJIAHUPOBAHUEC MIEPBOOYCPCAHBIX MEP 3alIUTBI MOpCKOﬁ Cpeabl U IIO-
6epe>i<1/1171, B OCOOEHHOCTH B ApKTH‘IeCKOﬁ 30HE, HCBO3MOXXHO 0e3 aHaau3a BCPOATHBIX
CIICHApHUCB paCcpOCTPAaHCHUA He(I)THHBIX pa3InBOB. OI.[CHKa BO3MOKHBIX MacCIITa00B pas-
JIMBOB B PA3JIMYHBIX THAPOMETCOPOJIOTUICCKUX CUTYyaAllUAX, BKIIIOYas MMOMaJaHue HG(I)TI/I
Ha ,I[BPI)KyH.[PIﬁCSI nin HCHO,I[BPI)KHBIfI J'IeZ[?[HOﬁ HOKPOB, IPCACTABIISICT CYLIICCTBEHHYIO
HacCTb IPU aHAJIN3C PUCKA PACIIPOCTPAHCHUA pPa3JIMBOB.

PACTEKAHHUE HA IOCTOsIHHOM TEUEHUUA
C HOCTOSIHHOM HHTEHCUBHOCTBIO

Pacripoctpanenue HedTH, IOMAaBIIEH Ha TOBEPXHOCTh MOPSI, ONIPENEIISieTCs] IPOoLec-
CaMU IIEPEHOCA IIOBEPXHOCTHBIMU TEUEHUSMU M PACTEKaHUEM 3a CYET CHJI IUIABY4ECTH.
TeueHue TaxKe sBIAETCS NPUYNHON (POPMHUPOBAHHUS BBITSIHYTOW MPOTSHKEHHONW (OPMBI
IATHA [I0BEPXHOCTHOIO 3arpsA3HeHus. MOXHO NPEIION0XKUTh, YTO B OCHOBHOH 4acTH
00J1acTH 3arpsi3HEHHsI, UCKIIIOUasl «TOJIOBY» U «XBOCT» MPOTSHIKEHHOTO pa3jiMBa, MOKa-
3aHHBIX CEPBHIM IIBETOM Ha puC. 1, pacTekaHue OyAeT MPOXOJMTH JHIIb B HAIPaBICHUH,
NEePHEHANKYISIPHOM MEPEHOCY HEPTH TEUCHUEM.

Puc. 1. Cxemarusanus pa3nuBa He(TH Ha TEUCHUH
Fig. 1. Scheme of the oil spill with surface water current

[Iycte HeDTH WK HEPTEIPOAYKT IMOCTYIAET C IIOCTOSHHON HHTEHCUBHOCTHIO () Ha
HOBEPXHOCTH BOJIBI, ABMKYIIEHCS] OTHOCUTEIILHO HEMOIBIKHOTO HCTOYHHKa cOpoca Hed-
TH cO cKopocTeio U, . Bribepem cucteMy KOOpAMHAT TaKUM 00pa3oM, 4TOOBI MCTOYHHK
HaxOIWJICS B Hadalle KOOpIHMHAT, och (Ox HampaBiIeHa BIOJIb CKOPOCTH MOBEPXHOCTHOTO
TedeHus, a och 0y B NEpIEeHIUKYIIPHOM HaIPaBICHUH, X, Y — JEKapTOBBI KOOPIHHATHI.

ITycte 06beM He(TH V| 32 BpeMs I, BEUIMBAETCS Ha MOBEPXHOCTH MOPS B KOJIMIECTBE
Qt,. Ilpy 5TOM B HanpaBICHUH OCHOBHOTO TEYEHHS TAKOH IIEMEHTApHBIA 00beM HEPTH
Oymer nmeTh pasmep (mmpuna nonocel) L, = U, t,. Ecin NpeanonokuTs, 9T0 TPEHHE
Ha rpaHune HedTh—BOda MPH PACTEKAHUH 110 MOBEPXHOCTH MOPS NMPOIOPLUOHAIBEHO
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JIOKaJILHOU pa3HuLe CKOpOCTCﬁ B CTCIICHU P, TO YPaBHCHMS JBHIKCHUS paCTeKaIOH.[eﬁCH
10 MOBEPXHOCTHU BOABI HG(l)TI/I 3alIMIIYyTCAd B BUJC:
— 0alaHC CUJIbI IJIaBYy4€CTHU U CUJIbI TPCHHUA B HAIIPABJICHUHA oY

p0|lg Ha_:_BuP (lla)
— 6aHaHC MacCcChI Heq)TI/I B KaXXJ1I0OM 3JICMCHTC BBII[eHeHHOﬁ I1OJIOCHI
H .
aa—t+d|v(Hu):O, (1.16)

— MHTETpaJIbHBINA OajaHc He(TH B Ioj0ce

Y
1
LIHOy.bdy =2V, (1.16)
0

e §' = g(p,—Py)/P,; — PEOYLIMPOBAHHOE YCKOPEHHE CHIIBI TSIKECTH, P H P, — IIOTHOCTD
He()TH U BOOBI COOTBETCTBEHHO, H — TonmmuHa HETH B TONOCE, J — SMIUPHUICCKHNA
ko3 dumuent, mpu p = 1, cormacHo [6] uncnensno pasubiii 3-1073 [kr/m?/c], U — cKOpoCTh
pacTekaHus B HarpasieHHH 0.

Vuunteias, 9to 00beM HedTH B monoce V, = 2L HY, To mna neBoi 9actu cooTHO-
menns (1.1a) mpuMeHnMa oreHKa

2
p-g’Ha—H~p QL (1.2)
oil ay oil 4Y (Ll) .

rae Y — xapakTepHbIid MaciTad (pa3Mep) pasiiuBa B HAPaBJICHUH, IEPHIECHANKYIIPHOM
TEUCHHIO.

Eciv He(TAHOM pa3iuB IEPEHOCHTCS TEIEHHEM CO CKOpocThio U | 1 yBennmInBaeTcs
B TIONEPEYHOM TEUECHHIO HANPABICHUH 32 CUET pacTeKaHWs, TOIZNA OLCHKA HATIPSDKCHUS
TPEHUs Ha TrpaHHIe He(Th—BOAA OyIET ONPENEISTHCS TOIBKO PA3HOCTHIO Y-KOMITOHEHT
CKOPOCTH JBHMXEHUSI HEYTH W BOJIBI

Bu® =B(Y/1)". (1.3)

O6wemunsst (1.2), (1.3) u yuutsiBas onenky t = X/U_ , momy4nm

cur?
N . 1 .
Y =p,9'Q7 /(BU )’ =Pl Q’/(BUP)XP =kXP,  (1.4)
k
rae X — paccTosHUE, Ha KOTOPOE Pa3iMB PaclpOCTPaHUTCA Onaroziaps MepeHocy oA
JICWCTBHEM MOCTOSTHHOTO TedeHust co ckopocTbio U_ . B (1.4) Mbl 00BEIUHUIIN B TPYIIITY

cur®
MPOU3BEICHUE Pa3MEPHBIX MAPaMETPOB 3a1a4ur 1 00603Ha4mH ero kak K. 13 (1.4) crienyer

1P 1 1 1 p
— | p+3 p+3 _ p+3 1N2 2 +3 4 p+3
YO =KX = ()7 [pag'Q/(BUT) [ (1.5)
—
3
Takum 00pa3oM, poCT pa3MepoB IISITHA B HAMPABICHUH, TIEPICHANKYISIPHOM CKO-
POCTH OCHOBHOTO T€YEHHsI, OYIET U3MEHATHCS 10 CTENIEHHOMY 3aKOHY, a IJIOIIA/b IsTHA
A(t) ompenenurcs xak

E 1 p+1 2p+3

2 +3 +3 2 +3¢ p+3
A(t) = 2jY(x)dx =2 pp 3(4)” [P @' QY /(B) U™ . (16)
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[pubnmkeHHOE PAaBEHCTBO MPHU OIEHKE IUIONIAJN PA3IuBa CBSI3aHO C BO3MOXKHOMN
HETOOICHKOW TUIONIA/N 3a CYET PACTEKAHUS, MPOUCXOMSAIIETO B «IOJOBE» U «XBOCTE»
pa3iuBa B HANPABICHUHA OCHOBHOTO TEUCHHUSL.

Takum 00pa3oM, IpHu «IMHEHHOM» TpeHHU HE(TH O BOAY, mpu P = 1, 3aBUCUMOCTH
TUTOIIA/IM Pa3jiiBa OT BPEMEHHU M CKOPOCTH TEUCHHUS BBIPA3UTCS KaK
U =1 (1.7)
U npu p = 2.

IIpu nMuHEHHOW 3aBHCHMOCTH TPEHHUS OT Pa3HOCTH CKOPOCTEH He(pThb—BOmA POCT
romaay mstHa A(t) onpenenuTcs 3aBUCUMOCTBIO A ~ t4, a mpu KBaapaTHYHOMN 3aBHCH-
MOCTH 4yTh OBICTpEE, 10 3aK0HY A ~ t7°, 4T0 0GBACHUMO, TaK KaK IMPH MaJIBIX Pa3HOCTIX
cKopocTeil HeTh—BOJA B CIydae KBaJpaTUYHOTO TPEHHs pacTeKaHue OyAeT MPOXOIUTh
OnIcTpee.

OTMETHM, 4TO COIIACHO MPUBEIEHHBIM BbIllle (hOpMysiaM OTHOLICHHUE IJIOIIaAeH
ISITHA TIPH Pa3HbIX CKOPOCTSIX TEYCHUsI MPUOIIIKEHHO PABHO KOPHIO U3 OTHOILEHHS CKO-
pocreli TeueHus.

CpaBHUM TIOJIyYEHHYIO OLICHKY C aBTOMOJICTIbHBIM PEIICHUEM JJIsl CHCTEMBI ypaB-
uwenuit (1.1a) — (1.16). Eciau aBToOMOIENIbHOE PEIICHHE CYNIECTBYET, TO (hopMa pacTe-
KaloLIeTocsl MSTHA OyleT COXPAaHATHCS M MOXKHO 3alKcaTh 3aKOH COXpaHEHHs o0bema
(Macchl) He(TH B TI0JIOCE IMUPUHOM L, B HAIPaBIEHUH, HEPIEHAUKYIPHOM HAIIPaBIEHHIO
OCHOBHOTO MOTOKA, KaK

A(t) o

V,=2s-H(x,0,0)Y(x,t)L, , (1.8)
rae H(x,0,t) — Tonmmunaa HeTH HA OCH pa3iiuBa (OCh OPUSHTUPOBAHA 110 HAIIPABICHHIO
tedenus), Y(x,t) — paccrosaue (OTyUIUpHUHA) OT OCH pa3jivBa JI0 BHEIIHETO Kpas MsITHA
B HaIpaBJICHUH, MEPIEHIUKYISIPHOM K OCH, § — K03 duuneHT Gopmbl, KOTOPbIA Oyaer
ompejesieH HWKe. ABTOMOJeNbHas (hopMa MSITHA MOXKET COXPAHSTBCS, KOIJIa CKOPOCTh
pacTekaHus B HalPaBIEHUH, NEPIICHANKYIAPHOM CKOPOCTH TeueHus U, u3MeHseTCs Kak

u(x, y, 1) = ﬁm, 9, (1.9)

rJe TOYKoW Haj Y o0o3HaueHa MPOU3BOAHAS IO BPEMEHH.
Ecnu npo¢uiib TOMIMUHEL IATHA OyIEeT COOTBETCTBOBATh PACIIPEACICHUIO

p+l

y
H(xayat)=HO(x709t) 1_ . (110)
Y(x,1)
TOTIa COOTHOIICHUE MECKITY 00BEMOM He(l)TI/I B I1OJIOCEC, TOHHIHHOﬁ IIAATHA HA OCH pas3JiuBa
u HOHyIHI/IpHHOﬁ IATHA BbIPA3UTCA COOTHOIICHUEM!

1
Y (1) p+1\2

y
V,=2LH ,(x,0,t 1-| ——— dy =
L =2LH (x )_(l; Y(x5.0)

1.11)
1 1 3 (
=L H (x.0.07(x.f)——B| —— 2|,

L1 o(x )Y (x )p+1 p+12

| S ——

s

riae B — Gera-QyHKIHs OT COOTBETCTBYIOIIUX apryMEHTOB, uepes s 0003HaueH K03 dhu-
UEeHT (OpMBI B pa3nuBe, 1iisi kotToporo u3 (1.11) ecth uncineHHas oueHka:
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0,79; p=1
§=:0,82; p=3/2, (1.12)
0,84; p=2.

Ioncrasnas (1.9) u (1.10) B (1.1a), momyunm

poilgI 2 1 RV
% H CrSIen) =Y (x,1). (1.13)

Beipasus H(0,t) uz (1.11) u

P9’ 1 \ ’ 1 Ly
2B L 4Y(x,t)LJ (p+1)y(xlt)_Y(X't)v (1.14)

B UTOTC MOJYyYHUM HEJIMHEHHOE anq)(bepeﬂunam)ﬂoe YpaBHCHHUEC OTHOCUTECIILHO Y

. 1 1 g
Y3Y p_ — pOII gz V12 . (115)
457 (p+1) 2pL2
a
O003Ha4YMM He 3aBUCSIINH OT BpeMeHN KO OUIMEHT B MPABOH 4acTH Kak oL ¥ Oynem
uckarhb pemenne (1.15) B Buzne

Y(t) =kt". (1.16)
IMoncranoskoii (1.16) B (1.15) onpenenum ko3hdHUIHECHT a
a= k13t371 klpylptp(vrl) ) (1.17)
Iockonbky neBas yacts (1.17) He 3aBucwur or t,
p
I 1.18
n=3 (1.18)

Kosppuuuenr K, B (1.16) onpenemurcs us (1.17) xax

o L L =
" :{ p+3}3*p [ 1 }”*3 |:poilglﬁ:|p+3 ZS[MQ_Z}M, (1.19)

P 8s*(p+1) B L B U’

)

3aBHCHMOCTH IIOTIEPEYHOTO pa3Mepa maTHa Y (t) OT BpeMEHHU BBIPa3UTCs Kak

p 1 1
LR T G P N S
Y(t){ P } {882(p+1)} { B UZ} R (1.20)

3

a COOTBETCTBYIOIIIEE BBIpAYKEHHUE IS TUIOIIAAN IIATHA

1 p+l 2p+3

P 1
2 3 3 e 3 2 0+3 +33 p+3
At) = 2 p'“ {'“ } [ - ] [P0 QBT UPLP (121

+3| p 8s’(p+1)

3

Takum 06pasom, aBromozebHoe penrerne (1.20) cucremsr ypasuenwuii (1.1a — 1.16)
omnyaeTcs ot oreHkH (1.4) 3HaueHMsIMHA K03(PPUIIHEHTOB O 1 80.
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30

K
- L~ Lxd
[E] = o

—_
-

Throngme ngma,

i] 4 8 12 18 0 /)
Bpema, &
== 0] wicfa) —— =03 miefa) -—-—-05 micfs) — - -1lwc(a)

—a—0,1 m'c ——{3 wir —— 0,5 wic —a—1wnic

Puc. 2. CpaBHeHHe YNCIIEHHOTO pacyeTa IUIOIIa M IIITHA ¥ aHaIuTHYeckoro penreHus o (1.21) mpu
Pa3HBIX CKOPOCTSX TeueHwus. LIITprxoBEIME TMHUAMH (@) TTOKa3aHbI pacyeTs! 1o dopmyie (1.21)

Fig. 2. Comparison of numerical calculation of the slick area and analytic solutions with (1.21) at the
different current velocities. Stroked lines (a) are results with (1.21)

0,80; p=1, 0,71; p=1,
5=4081; p=3/2, 8,=40,73; p=3/2,
0,82; p=2. 0,76; - p=2.

CpaBHUM MOJIyYEHHOE BHIIIE aBTOMOJIEIBHOE PEUICHUE C YUCIEHHBIM PacuyeToOM
3a/laud O pacTEeKaHWW B JBYMEPHOU MOCTAaHOBKE B JMara3oHe ckopocteit Teuenus 0,1—
1 M/c (puc. 2). MomHocTh UcTOUHKKa 74 T/4, TtoTHOCTE HedTu 850 kr/MS. Jliis pacuera
ObL1a ucmoiab3oBana Moaens SPILLMOD [8].

Ha Gonpmmmx BpeMeHaX YUCICHHOE PEUICHUE 33]a9l HECKOJIBKO MEHbIIE aHATUTH-
YECKOTO, UYTO OOBACHICTCS MOTPEITHOCTHIO pacueTa IPaJUeHTOB TOJIIMHBI B MATHE MPH
CYILIECTBEHHOM M3MEHEHUU T'€OMETPUHU pa3iuBa. Tak, 3a CyTKH IMPU CKOPOCTH TEUEHUS
1 M/c mATHO BHITSATHMBaeTCsA Ha 86,4 KM, MPU TOM, YTO IMOMEPEYHBIA pa3Mep OCTaeTCs
B Mpejesiax cCoTeH MeTpoB. [lomydeHHbIN pe3ynbTraT CBUIETENbCTBYET, UTO CAEJIaHHbIE
TIPEATIOIOKECHUS O BO3MOXHOCTH HCIIOJIE30BaHHS OJTHOMEPHOTO MPUOIMKEHHUS IS OICHKH
MapaMeTPOB TSTHA JTOMYCTUMBIL.

PACTEKAHHME C IOCTOSAHHON MHTEHCHUBHOCTBIO
B OTCYTCTBUE TEUEHH
PaccmoTpum BaXkHBIN ciiydail pacTeKaHHs Ha MOBEPXHOCTHU BObI, KOIJIA UCTOYHUK
cOpoca obecrieunBaeT MOCTYIJICHHE HE(TH HAa MOBEPXHOCTH C MOCTOSSHHOM WHTCHCHB-
HOCTBIO (.. [IpH OTCYTCTBHMY TEYEHHMHI MOXKHO MOJIAraTh, 9TO PACTEKAHHE OyITyT 0CECUM-
METPUYIHBIM.
Banmanc cun rpaBUTANNU U TPEHUS 3aMUIIETCS KAk

poi/g'H%_I::_Bup- (2.1

HpI/IHI/IMa}I BO BHUMAHHE COOTHOIICHUEC MEKITY 00BEMOM He(i)TI/I Ha MOBCPXHOCTHU
V. u ero cpennei Tommunok H u paanycoM R, TOITy4uM
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IH aH — vV zis 2 2
poilg a}" poilg 2R5 ’ ( . )

rae yureno V, ~ R°H. TlockomnbKy B paccmarpuBaemoM ciydae V., = Qt, momydaem
pnilgl(QOthis )/(ZRS) = BRp/tp s (23)

u B utore paxuyc R(t) u mmomans A(t) ocecuMMeTpHYHOTO IIATHA HEPTH MPU TOCTOSIHHO
JISUCTBYIOLIIEM HCTOYHUKE ONpENeIIseTCs KaK

R"P=p, g'0 [(2B)-1 *", (2.4)

2+p)

A =7R* =x[p,,g'0°/(2B) zz(ﬁ , (2.5)

TakuM 00pa3oM, NMpH OTCYTCTBUM TEUCHUH W JIMHEHHOM TPEHHH MEXIY HE(THIO
1 BOJIOH POCT TIOIIAM HEQTSHOTO IATHA OyIeT MPOXOANUTH JIMHEHHO CO BPEMEHEM, a MU
KBaJpaTHYHOM TPEHHU Iuroinans matHa A(t) 6ymer mponoprumonansha 137,

CpaBHUM (2.4) c aBTOMOZICIIEHBIM PEIICHHEM, aHAJIOTHYHO TOMY, KaK 3TO OBIJIO cle-
JIaHO B MpeAblayIeM paszaene. [TycTs pacnpenenenue TOMIUHbL JIMH3B! H(7,t) n3mMeHseTcs
TI0 CTETICHHOMY 3aKOHY

p+1
p
h(r,t)=H ,(0,¢),|1-| —
0 R() , (2.6)
rae H(0,t) — TommuHa JUH3BL B LIEHTpe, » — u3MeHsieTcs oT 0 go R(1).

YroOnI IMH3a cOXpaHsia (OopMy MPH pacTeKaHUU, HEOOXOIUMO, YTOOBI paiuaTbHasT
CKOPOCTH Y/IOBJIETBOPSIIA YCIIOBHIO

V(rt)= %R(t) . 2.7)

B atom ciydae cootHomenue (2.1) npeoOpasyercs K BUILY

_poég'[—]o(t)z(p+1) =RR" . (2.8)

U3 nocrosicTBa (hOPMBI JIMH3BI CIIEAYET COOTHOIICHHE MKy TONIIHHOM B IICHTPE
IISITHA ¥ MEHAIOLIKUMCA 00bEMOM

V() _ p+2 Ot

Ho = 1 p+1TR() @9)
TEHOR(I) (l—m)
"3 (2.8) u (2.9) cenyer
poég'Q{nlz (pp++21) }2 _RR 2.10)

Wi, 0603HauuB He 3aBUCAIINN OT t KOA(DPUIMEHT B KBaJpaTHbIX CKOOKaX B JIEBOW
YacTH 4Yepe3 d, NOITyYuM

a—p”gg Q' =R'R". 2.11)

|
b
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Ecmu MnpeaAcTaBuTh, 4YTO
R~—, (2.12)

Torga

1 P ' s P2
R(t)za””["h;ng} P (2.13)

Opnaxko (2.12) He sBASETCS CTPOTUM OIpenesieHHeM. byneM nckaTh pemieHune He-
nmuHerHoro nuddepennuansHoro ypasHeHus (2.11) B Bune creneHHoii 3apucumoct R(t)

R=kt". (2.14)
B atom ciygae (2.11) nepexonut B
bt* =l kPy PP (2.15)
[IpupaBHuBas creneHn od0enx yactel cooTHomeHus (2.15), momyanm
_p+2
= m , (2.16)
a KodpOUITUEHT k OTPEICITUTCS KaK
1 P
s PSP+
= (hj =k 2.17)
U «tounoe» pemienne ypaBHeHus (2.11) onmpenenurcs xak
b 1 Lo
P+5 55| L (P+2)° 75 pug’ o [P s
R(H) = P = P 2.18
=63 Lz i1 50 2.18)
\—,—/

o

YncreHHbIe OIEHKH KO3((HUIMERTOB 0., O.,, 0. TPHBEACHEI B Tabmuue 1.

TaxkuM 00pa3oM, MOXKHO YTBEPKAATh, UTO «IIpOCTask» oueHKa (2.4) oTnndaercs
oT «TtogHOTO» pemeHus (2.18) ne 6onee yem Ha 10 %. OnHAKO HY)KHO NMOMHHTB, 9TO
cooTHomIeHHs Tuna (2.1) ONMMCHIBAIOT MPOIECC PACTEKAHMS JIMIIb B ONPE/ICICHHbIC MTPO-
MEXYTKH BpPEMEHH, 1a ¥ TO, HaJo NPHU3HATh, MPHOMMKeHHO. 110 3TOi npu4nHEe HCKaTh
TOYHBIE PEIICHUS yPABHEHUH, NMEIOIINX OTPaHUICHHYIO IPIMEHUMOCTD K UCCIIELyeMOMY
IIpoLIecCy, He BCer/a HesiecoodpaszHo. Bo MHOTHX CiTydasix MOXXHO OTPaHHYHUTHCS «HH)KE-
HEpHBIMIW» OLIeHKaMH TUMA (2.4). OTMETUM TaKKe, YTO MHTETPAIbHAs 3aMHCh IS MacChl

Tabnuya 1
YucneHHnble oueHKU K03QpuumneHToB
Kosppuunentsr
P a, a, o
1 1,12 0,87 0,98
1,5 1,15 0,89 1,03
2 1,17 0,91 1,07
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He(TH, MOCTyMAIONMEeH Ha HOBEPXHOCTH BOIBI B BHE (2.9), HECKOIBKO CyKaeT OOIIHOCTh
paccMOTpeHHs 3aJa4H, TaK Kak, BOOOIIE TOBOPS, NCTOYHUK ITOCTYIUICHHUS He(PTH Ha I10-
BEPXHOCTH, KaK IPaBHJIO, JIOKAJTH30BaH U HE JOJDKEH aCCOLMHPOBATHCS CO BCEM IIITHOM
He()TH, YTO HEABHO mpenmnoiaraercs B (2.9).

Ecnu 3akoH TpeHns Mexay He(ThIO U BOIOH BRIOpaTh aHAJIOTHYHO padoTtam [1-3],
TOT/Ia HANPSDKEHNE TPEHMS 3aIHIIETCS Kak

ou R

R
ow “’w az p’w tm t3/2

Torma onenka 6ananca cui (2.1) B cliyuae 0CECHMMETPHUYHOTO PACTCKAHUS C IO~
CTOSIHHOW MHTEHCHBHOCTBIO MCTEUEHHsI Oy/IeT BHIIVISICTh KaK

07 R
p””g 2R5 = pw Vw t37 ? (220)
a 3aBUCUMOCTDL paJinyca IsiTHa R(t) OT BPECMCHHU U €T0 Iu1omaan A(t) KakK

1/6

12
R~ goilg\/g [N _(221)
pW VW
1/3
12
A1) =mR* =7 Pug & | s (2.22)

20,V

PACTEKAHUE HA HENOJABUXHbINA CHEXXHO-JIEISHOM IOKPOB

PaccmoTpuM paraibHO-CUMMETPHYHOE pacTekaHne GUKCHpoBaHHOTO oObeMa Hed-
TH V, TI0 TOPH30HTANIBHOM MOBEPXHOCTH TIOPUCTOTO CHEXKHO-JIEITHOTO MACCHBA TS MaJIBIX
yucen PeliHonb/ca, B KBa3UCTALMOHAPHOM PEXHME, «KOTZa pacTeKaHhue 00yCIIOBIICHO
0anaHCOM CHJI BSI3KOTO TPEHUS U rpaBUTalMi». Ha TBep1o# Mo/iokKe rpaHUYHOE YCIIOBHE
Ha rpaHuIe pasjena (a3 COCTOUT B paBEHCTBE HYJIIO TOPH30HTAIBLHOM CKOPOCTH (yCIIOBHE
npuiunanus). [Ipu caenaHHbIX IPEAIoNoXKeHUIX IPOMHTErPUPOBAHHOE 110 BEPTUKAIBLHON
KOOpJIMHATE ypaBHEHUE OalaHCca UMITYJIbCa 3alMIIETCs] B BUJIE

oH u

R v 77 3.1)
T7ie JeBasl 4acTh MPEACTABISACT CUITY, BEI3BAaHHYIO I'DAJMEHTOM JABJICHUS, a IpaBas —
BSI3KMM TpeHueM, H — cpeaHss ToIMHa ciiosl HeTH Ha moBepXHOCTH OoJee TIOTHOTO
cybcrpara, R — paanyc 0ceCHMMETPHUYHOTO ISITHA He(YTH, v — KHHEMaTH4ecKasl BA3KOCTb
pacTekaronieicst cyoCTaHIINN.

Bynem cunrars, 4To 00beM HeTH Ha IOBEPXHOCTH CHEXHO-JIEISTHOTO TIOKPOBA MPH-
MmepHo paser V(1) = tH(t)R(t)?. Tlpunumas U ~ R/t 1 3aMEHUB [IPOM3BOAHYIO [0 PAIHYCY
oneHkoi H/R, momydnm

3 1/8
Ve g £V8
n® '

R(t) o< (3.2)
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[Nonoxum, 9To N3MEeHEeHHe 00beMa He()TH Ha MOBEPXHOCTH CHETa WJIH JIbJA 33 CYET
¢$ubTpann

oV )
— =-TR"u 3.3
at fo ( )
e U — CKOpoCTb ¢dunsrpanun, onpesensieMas u3 3akona lapcu
u,= poilng/““oil > 34

e k — k03 QUIMEeHT TPOHUIIAEMOCTH TPYHTA.
O6wemunss (3.3) u (3.4), moxyanm

1/4
av 1
e ke (% (n)3j V()Y " =—a, v ()" (3.5)

@
TIe @, — YUCIOBOH K0d()(QHINEHT, paBHbIH

a, = n I:uf(g/v)m] .
Pemenue (3.5):

1
V(Z)M _ V(O)M _§a2t5/4 ' (3.6)

PacTekanue MpeKpaTutcsi, KOoraa 00beM HE(PTH Ha MMOBEPXHOCTH CHEXHO-JICISTHOTO
MOKpOBa cTaHeT paBHbIM HyI0 V(1) = 0.
W3 (3.6) nis BpeMeHn IpEKpalleHns pacTekanus { momyuum

b, =K,(v/ @) u, SV (0) = K k(v gV (0) 3.7)

riae V(0) = V, — HadanbHbIi 00beM pasnuba, K, — unCI0BOH KOdQOUIUEHT.
Ecnu coorHomienue (3.6) noacraButh B (3.2) ¥ ONpeeauTh MAKCUMYM (YHKIHN
R(t), momyuyum MakcCHUMaNbHBIA paanyc pa3inBa

/

e K, — unciosoit koaddurment. Onenka K03(QpPUIMEHTOB TS KUIKOCTH C KHHEMATH-
4eCKoil BSI3KOCTBIO v = 1 [cM%/c] 1 rpyHTa ¢ Koadduumentom nporunaemoctu 4,3-107" [m?]
M0 pe3ysbTaTaM YHCICHHOTO pellieHus 3a1a4d [9] npencraeieHa B Tadnuue 2.

[MonyuyeHHBIE OLIGHKU BPEMEHH MPEKPAILCHHS PACTEKAHHS 1 MAKCUMAIIBHOTO pajiyca
pacTekaHusl JJisl 3aJIIM0BOro cOpoca HeTH Ha TOPH30HTABHYI IOBEPXHOCTh MMOPHCTOTO
IPYHTa, B TOM YHCJIEC Ha TOBEPXHOCTh CHEXKHOTO HIIU JISISTHOTO MOKPOBA, MMOKA3aIIH MPH-
MEpHOE COOTBETCTBHE pe3yJbTaTaM YHCICHHOTO MOICTHPOBAHUS PACTEKAHHS M MOTYT

1/10
R =K, (%J V(0)** (3.8)

Tabnuya 2

CpaBHeHHe JaHHbIX YHCJIEHHOTO MOJEIMPOBAHUS U TEOPETHUECKHX OLEHOK
JJIS1 MAKCMMAJILHOTO PaJiuyca pacTeKaHusi M BpeMeHU NPeKpalieHusi pacTeKaHust

O6bem I;qumxl, M OEZ;EEI;:;)EH e Teo%f;izcmﬂ Koadduunent|Koappurment
M pammyc, M | Bpems, 9 | pammyc, M | Bpems, 4 K K,
1000,0 225,0 2,0 172,4 2,2 1,3 0,9
10000,0 570,0 2,7 4332 34 1,3 0,8
100000,0 1350,0 5,5 1088,1 5,5 1,2 1,0
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OBITH HCIIOIB30BAHBI [T TIPEABAPUTEIILHON OLICHKH YKa3aHHBIX TApaMeTPOB B aBapHHHBIX
curyanusx. [lomyepkHeM, 4TO JOBOJIBHO IPOCTHIE OLEHKH OBUTH MONYYEHBI B IIPEIIIONO-
’KECHUH OTCYTCTBUS TEIIOOOMEHA MEX]y pacTeKarolIeiics CyOCcTaHIMEH U MONCTHIAIOIINM
cybctparoM u 03 ydera yMEHBIICHUS o0beMa HE(TH 3a CUET UCTIAPCHUS.

PACTEKAHME HA JBWXYILIUIACS CHEXXHO-JEISHOM TOKPOB

Hcnons3yeM BhIIENIPUBECHHBIE PE3YJIBTAThI I OLIEHUBAaHMsI TapaMETPOB pa3iuBa
HedTH, BhITEKaloumel Ha NBIKyIuniics yen. [TogoOHy0 cuTyaluo MOKHO TIPECTaBUTh
npu OHTAaHWPOBAHMH aBapUITHON CKBaXXMHBI C TTATyOBI IIIATOPMBI, MUMO KOTOPOH Mpo-
XOIMT Jpeidyrolee JeJsIHoe 1ojie. AHAJIOTUYHO NPOJIMBY HEQTH HA MOBEPXHOCTH MOPS
TIpU TEYEHUH ONpeeNuM o0beM He()TH, BBITEKAIOIIMI M3 MCTOYHMKA 32 BpeMs U, Kak
V,(t) = HY)YL,, rne L, = Ut,. PaccmarpuBas TedeHre HeTH B 001aCTAX, pacTIONOKEHHBIX
Ha HEKOTOPOM PAacCTOSHUH OT «TOJOBBI» U «XBOCTa» Pa3iMBa, MOXKHO CUUTATh, YTO pac-
TeKaHHe IMPOUCXOJUT TOJIBKO B HaNpaBICHUH, NEPIEHAUKYIIPHOM JIBUKEHUIO JIEISTHOIO
noJis (MonepedyHoM HampasieHun). Torna, y4uThIBasi, 4TO pacTeKaHHE IO TBEPAOil mo-
PHCTOH HOIUIOKKE ONMMCHIBAEeTCsl aHajgornyHo (3.1), 3anuiem

—=-V—s (4.1)

", IpUHUMadgd BO BHUMAHUEC OﬂHOMepHLIﬁ XapakTep pacTCKaHus, MOJIy4YnuM COOTHOLICHHUC
JUIA XapaKTEPHOI'0 padMepa pasjiiBa B NOMNCPCUYHOM HAIIPaBJICHUU

H_ W _ YOL)

—= = 4.2
&y "8y, v (4.2)
V3
Y= %L—gt . (4.3)
Wi 1
Qj3/5(g]1/5 s
Y)=|= =1 7. 4.4
O ( v \5 (4.4)
H3menenne oobema HEQTH 3a cHET QHUIBTPALMN
aV,
= = ;. (4.5)
[oncrasnss (4.5) B (4.3), momyyum
av 1/5
{(—) } "°Lu, (4.6)
- at L}
1/5
V, A
i —K%H v, @47)
Lot L’ )v

O0Go3HaunM HOBYyIO TiepeMennyto V' =V /L., pusudeckuii cMbICaT KOTOpoi onpese-
JIUTCS KaKk 00beM He()TH Ha eIUHUIY JUIMHBI PaCHpPOCTPAaHEHUs Pa3iiiBa B MPOJOJIEHOM
(o Teuenuto) HanpasieHuu. Torna

aVv'

?: _alVl(t)S/Stl/S’ (48)
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e
a, = (g/v)'/suf .
Pemenue (4.8) npu HauaneHOM yenoBun V'(0) = Q/U
VyZ/S :Vy(0)2/5 _(a/6)t6/5, (4.9)
BpeMsi mpekpalieHusi pacTeKaHus B MOMEPEIYHOM HAMPaBICHUH
t, =[(6/a)-(0/UY*T" =(6/ay" (Q/1U)", (4.10)
a mpeieNibHbBII pa3Mep B MONEPEYHOM HAMPaBICHUH OMPEISITUTCS KaK
Y, = 6" (g/vu,)" (QIU)". @.11)
3AK/IIOYEHUE

Cootnoutenwust (1.7) aust miomany nsaTHa He(TH NP MTPOJOIDKUTENILHOM cOpoce Ha
MOPCKYIO MOBEPXHOCTh B YCJIOBUAX KBa3UIMOCTOSHOTO TeUeHUs u (2.5) IJIsl pacTeKaHus
pu OTCYTCTBHU TedeHus, (3.7), (3.8), (4.11) nns BpeMeHH NpeKpalleHus pacTeKaHus
Ha [TOPUCTOM MOBEPXHOCTH U MAKCHMAJIBHOTO pa3Mepa 3arpsA3HEHHOIO MOJCTUIAIONIETO
cyOcrpara Mmojiy4yeHbl BO MHOTOM aHAJIOTUYHO «Kiaccuueckum» Gopmynam Oas [1-3]
C TPUBJICYCHUEM PE3YJbTaTOB [6]. ABTOpPBI MOCYMTAIN BO3MOKHBIM HA3BaTh MOJAOOHBIIM
MOAXO/] MH)KEHEPHBIM OLICHUBaHKUEM, UMes B BUY, UTO YIIPOILECHNE YPAaBHEHUH ABHKECHUS,
CBE/ICHUE CHCTEMBbI YPAaBHEHUH THIPOANHAMUKH K OaJaHCy TOJBKO JIMIIb ABYX «OCHOBHBIX»
CWJI IPUBOJUT B pe3yJbTaTe HE K PELICHUIO 337a4M, HO K OLIEHKE NMapaMeTpOB pasiinBa
C TOYHOCTBIO, B PAJE CIIy4aeB JTOCTATOUHOM NI pelIeHHs MpaKTHUYecKux 3agad. Kak
u B ciyvae ¢ Gpopmynamu @351, B HAIIMX OLEHKaX HE pacCMaTpUBAIIUCh MTPOLIECCHI BHIBE-
TpuBaHus HeTu. Takum 00pa3oM, MOyYEeHHbIE PE3yJIbTaThl MOXKHO OTHECTH K KOHCEpBa-
TUBHBIM OLIEHKaM, CJI€JIaHHBIM «C 3armacom». Ha npakTuke 3a cueT mporeccoB UCapeHus
00beM He(TSHOrO ISATHA HAa TOBEPXHOCTH MOPS WM CHEXHO-JIEISHOTO MOKpOBa Oyaer
YMEHBLIAThCSI M, COOTBETCTBEHHO, OY/IyT YMEHBILATHCS XapaKTepHbIe pa3Mepbl odnacTu
3arpsi3HEHUs], OlleHUBaHNE KOTOPBIX OBLIO NMPOBENEHO B JAaHHOI padore.

[Ipu ananusze pa3nuBoB HePTH B MOpe OOJBIIONH MPOAOIKUTEILHOCTH, KOTIa
CKOPOCTbh TE€UECHHS HENb3sl CYUTATh IOCTOSHHOM B TEUYEHHE BCEro BpeMeHH cOpoca
He(TH, HAIPUMED, B IPHIUBHBIX MOPSIX, IPUBEACHHBIC HHKEHEPHBIE OLIEHKH MOJIE3HBI
KaK BO3MO)KHOCTbh PacCMaTpHUBaTh MPOJOJDKUTEIbHBIA Pa3inuB HEPTH KaK CyNepro3u-
LUIO €ro OTACJBHBIX YacTed, (POPMHUPYIOIINXCS MMOCIE0BAaTEIbHO B pailoHe aBapuu
C yYETOM CKOPOCTH TEYEHHWsI Ha MOMEHT momnafaHus HepTH nin HePTenpoayKTa Ha
MTOBEPXHOCTb.

BaarogapaocTu. Pabora BeimonHeHa npu ¢puHancoBoii noxnep:xkke PODU B pamkax
Hay4HBIX poekToB Ne 18-07-00373 u No 18-07-01001.
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‘YBakaeMbIe aBTOPHI!

OO6pamraem Balle BHUMaHHE Ha TO, 4TO ¢ stHBaps 2018 roga m3aMeHWINCh TpeOOBaHUS
K CTaThsIM, HaIlPaBJISIEMBbIM B PEJAaKLHIO JKypHaJa JUIsl paCCMOTPEHHST BO3MOKHOCTH UX ITyOJIH-
KaluH. OTO CBA3aHO € TEM, YTO Mepe]] XKypPHAJIOM ITOCTaBJIEHA 3a/1a4a BOMNTH B MEXyHapOJIHYIO
6a3y IMTHPOBAHMS JAaHHBIX SCOPUS. B CBsI3M ¢ 3TUM y)keCTOUMINCH TPEOOBAHMS K COAEPIKAHHIO
U CTPYKTYpE aHIVIOS3BIYHBIX aHHOTALMH K CTAaThsM, HOIIHUCIM K PUCYHKaM, OJarofapHOCTSIM.
OueHb Ba)KHbIE M3MEHEHHsI KOCHYIUCH oopmiteHHs: Onbnuorpadpuyeckux omvcanuii. [Tomumo
OCHOBHOT'0 CITUCKA JINTEPATypbl HEOOXOAMMO MOAr0TOBUTH References — crucok nureparypsl,
oopMIIEHHBIH 110 IpaBHUIIaM MEXTyHapoIHbIX 6a3 nurupoBanus. O6paniaem Bame BHUMaHue,
yto 00a crucka GopMUpYIOTCs He B asihaBUTHOM IIOPSIIKE B COOTBETCTBUH C OTEUECTBEHHBIMU
HOPMAaTHUBHBIMH JJOKyMEHTaMH, a [10 Mepe YIOMUHAHUI B TEKCTe cTaTbu. bynbTe BHUMAaTE/IbHBL,
CCBUIKH B CIIHCKaX 0(popMIIIOTCS o-pa3HoMy. CChlIKa Ha JIOKYMEHT C MOAPOOHBIM OIMHCAHUEM
TpeOOBaHMI K CTAaThsIM IPHBE/ICHA B KOHIIE HACTOSIIMX HMPaBHIL.

ITPABIJIA JJI1 ABTOPOB
KYPHAJIA «ITPOBJIEMbBI APKTUKHU U AHTAPKTUKHN»

KypHan paccMarpuBaeT Juis ITyOJIMKAINN HAayYHbIE CTATHH [0 OCHOBHBIM HAIPABIICHHSIM HCCIIEIOBAHUH B IOJSPHBIX
o0macTsx 3eMIIH: OKeaHOIoru, Gu3rKe arMocdepsl U THAPOCHEPbL, METEOPOIOTHH U KITHMATOIOTHH, THAPOIOTUH CYIIH
U THIPOXMMHUH, TSIIHOJIOTUU ¥ KPHOIOTHH, TeOMOP(OIOTHI U YBOIIOLMOHHO# reorpadui, Ie[OTEXHUKH, TEOIOTHH H
reousuke. Takoke NPeNCTaBISIOT HHTEPEC PAbOTHI II0 IKOJIOTHH, OHOLICHOIOTHH 1 OHoreorpauy, COLUANBHON Ieo-
rpaduu ¥ COLHATBHOM aHTPOIONOTHH, HCCICAYIOUMX W3MEHEHHUs B MOJSIPHBIX PETHOHAX.

B m3asnu my0nmuKy0TCsl HOBBIE PE3YIBTAThI HAYYHbIX HCCIEIOBAHHI, a TAK)KE HAayIHBIC COOOIICHUS TeOpeTHYE-
CKOTO, METOJIMYECKOT0, SKCIIEPHMEHTAIBLHOTO U IIPHKIIAIHOTO XapakTepa, TeMaTHIeckie 0030psI (110 3aka3y pefaKiim),
KPHTUYECKHE CTAThH, OYCPKH [0 HCTOPUH OJSPHBIX HCCICIOBAHUI 1 KPATKHE COOOIICHHS, TOCBSILIECHHBIC TAMATHBIM
natam (Io 3aKasy pemakuun). Bee craThu MPOXOIAT ABOWHOE aHOHUMHOE PEICH3UPOBAHHUE.

TexcTsI cTaTeil JOJDKHEI OBITH Ha PyCCKOM MJIU QHIVIHICKOM sI3bIKe. ABTOP(bI) CTaThH JOJDKHBI IIOATBEPAHTE, 4TO 9T
cTaThs paHee He ObLia OMyOINKOBaHa, a TAKKE He IPEICTaBICHA [Tl PACCMOTPEHHS 1 MyOIUKALIMK B IPYTOM XKypHAJIE.

Bce Mareprabl Ipe/ICTaBISIOTCS B PEAAKIINIO B DICKTPOHHOM BHJIE B COMPOBOKICHIN OyMa)KHOI BEPCHHU TEKCTA,
PHUCYHKOB (CM. TpeOOBaHMS K PHCYHKaM) ¥ (hailia ¢ IONHBIMH CBEICHHSIMH 00 aBTOpax: GamMuiIns, HMS M OTYECTBO
(MOTHOCTBIO), MECTO PaboThI (MOJHBII apec), yueHas CTENeHb, JOKHOCTh, aApec JIEKTPOHHOI MOYTH U TeaedoH
OJIHOTO M3 aBTOPOB IS CBsI3U. PekoMeHyeMslit 00beM cTateit — oT 8 1o 20 ctpaHun Tekcra (depes 1,5 unTepBana),
BKJIIOYasl TaOIMIBI M CIIMCOK JINTEPaTyphl; pUCYHKOB He Ooinee 6. Texct Habupaercs B ¢popmare Microsoft Word.
[Tapametpsr Habopa: mpudt Times New Roman, keris 12, untepsan 1,5. Ctpanuip! B ctatbe HyMepyroTes. Cratbu
TPOXOJIAT BOWHOE PEIICH3UPOBAHHE.

Crarbu ohopMIISIOTCS clieyroliM oopasoM. CHauana aercs YJIK; 3areM Ha pyCCKOM si3bIKE — Ha3BaHUE CTAThH,
MHHIHFAIE 1 paMUIHE BCeX aBTOPOB (IIPH yKa3aHWH aBTOPOB CTaThbH CHAaYala HAyT HHULHAJBL, 3aTeM damitis. Unu-
[Uael 1 QaMUIAS PasIeNsIOTCs MPOGEOM), TTONHOE Ha3BaHKe OpraHu3anu(Iiiii), T/Ie BBIOIHEHA paboTa; JIEKTPOH-
HEBII a/[pec aBTopa, OTBETCTBEHHOTO 32 CBSI3b C PelaKiueil. 3aTeM Te jke CBEICHHUS IPUBOITCS HA AHIIIMHCKOM SI3BIKE:
3ariaBye, aBTOPbI, YUPEIKICHHs, BTOPOH pa3 e-mail miaBHoro aBropa. [locie 3TOro Ha aHIIHACKOM S3BIKE MHIIYTCS
KJIIOYEBBIE CJIOBA B COOTBETCTBHUH C aHIIIMiICKUM ajihaBuToM (He Oonee 10 cioB 1 He Gonee ABYX CIIOB B COYCTAHHSX)
1 aBTOpcKoe Summary ctatbi Ha 20-25 cTpok (31ech ke JULs KOHTPOJIS 00s13aTeNbHO NIPHIIaraeTcs mepeBox Summary
Ha PYCCKHH SA3bIK).

KitroueBbie ci10Ba JOKHBI OTPAKATh OCHOBHOE COEPIKAHIE CTAThH, TOBTOPSITH TEPMHUHBI U3 TEKCTA CTATHH U TI0
BO3MOKHOCTH He MOBTOPSTH TEPMHHEI 3aIVIaBHs; CIEAYeT IIOMHUTD, YTO 9TH CJIOBA JOJDKHEI OONETIUTh IOUCK CTaThbH
cpencTBaMi HH(OPMALHOHHO-TTOUCKOBOM CHCTEMBI.

Summary J0KHO OBITh MOHSITHO 6€3 00pAINeHHUs K CaMOil IyOMUKAIIMH KaK HE3aBHCUMBIN OT CTAThU HCTOYHHK
nH(opMarmu. OHO JTODKHO OTBEYaTh CIEAYIOIIUM KPUTEPHUSM: HHPOPMATHBHOCTH (HE COIEpKaTh OOIIMX CIIOB);
COZIEPIKATENBHOCTU (OTPAXKaTh OCHOBHOE COZCPIKAHUE CTAThU: 3aJa4i PabOThI, METO/bI, [JIABHBIE PE3yNIbTATHI HC-
CIIeIOBAHMIA); TIOCIEOBATENLHOCTH H3IoKeHws. [lepeBon Summary Ha aHIIHMHACKHIA A3BIK JTOJKEH OBITH BBIMOIHEH
Ka4eCTBEHHO, C UCIIOIB30BAHHEM aHIIOA3BIYHON CIEINANbHOH TEPMHUHONOTHHU, HE OBITH JJOCIOBHBIM IIEPEBOIOM
PYCCKOSI3BIYHOM Bepcur (IIPH HEOOXOAMMOCTH CIEAYeT TAKKe BKIIOYATH MOSCHEHHS 11 HHOCTPAHHOTO YUTATEIIs,
CBSI3aHHBIE CO CTIENUMDHUKOIM MCCIE[0BAHMIT).

Janee nponomkaercst HHGOPMALKs Ha PYCCKOM SI3BIKE: KIIIOUEBBIE CIIOBA B COOTBETCTBUHU C PYCCKHM al(paBUTOM
(ne 6onee 10), kparkast anHoTauus (710 crpok) (6e3 mepeBoaa Ha AHIIMHACKHIT) — U HAYHHACTCS TEKCT CTAThU.
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JInst craThy, NPEICTABISIEMON Ha aHIIMHCKOM si3bIke, TpeOytotes: Y/IK; nepeBoa Ha pycckuit A3blk Bcel HHPOp-
Maly, KOTopasi JaeTcst Iepe]] HayaoM CTaThy B )KypHaie. Kpome Toro, B KOHIE cTaTbil HEOOXOIMMO NPHBECTH pac-
HIUPEHHbIN pycckuit pedepar (1-1,5 cTp.), a B moamucsax K pucyHkaM JaTh UX NEPEBOJ Ha PYCCKHUM A3bIK.

OcHOBHOH TeKcT pa3buBaeTcs Ha pasziensl. OOBIYHO 9TO BBEICHHE, IOCTAaHOBKA IPOOIEMBL, METOJUKA UCCIIEI0BA-
HHUI, pe3yJIbTaThl HCCIEI0BaHHU, 00CYKIEHHE Pe3yIIbTaTOB, 3aKII0YeHUE (BBIBO/IBI). B KOHIIE cTaTbi MOKHO IOMECTUTD
6maroqapHOCTb JIMLAM, OKa3aBIIMM [OMOIIb B TIOJTOTOBKE CTAaThU, M HEOOXOAUMO yKa3aTh HCTOYHMK (PUHAHCOBOIH
HOAMEPIKKH, CII0COOCTBOBABIINI BHIIIONHEHHIO 3TOH PabOTHI (TpaHThl (OHAOB, IPOrpaMMEI U T.1.). braromapHocTu
1 CCBUIKH Ha IPAHTBI HJIM TEMBI JAIOTCS Ha PyCCKOM, a 3aTeM Ha aHrnickoM s3bike (Acknowledgments).

INoxnucy Hox pUCYHKAMH JAI0TCA K KaXIOMY PHCYHKY B COOTBETCTBUH C €TI0 PACIOI0KEHUEM B TEKCTE: CHaYana
Ha pycckoM (Puc. 1. Jlanee moxmucs), a motoM Ha anruiickoM s3bike (Fig. 1. Figure caption). B moxmucsx neo6xonumo
OTZEIATH COOCTBEHHO HAa3BaHUE PUCYHKA OT OOBSICHEHHIT K HeMy (IKCILTHKALIHS ), KOTOPbIE HAJI0 1aBaTh C HOBOH CTPOKH.

Pucynku u pororpaduu MOMEIIAIOT B OT/ACIBHBIX (aiiiax: s pacTPOBBIX H300paXkeHHIt B pacTPOBBIX (hopMaTax
JPEG/TIFF/PSD, u B Bextopabix — CDR (Bepcuu X6 u crapie) mwin Al (e fomyckarorcs pucyHku B popmare Word).
Paspenienne pacTpoBbIX H300pakeHHH B OTTeHKax ceporo 1 RGB-1Ber nomkuo 66iTh 300 dpi. Bee cnoBecHsie Haanucu
Ha PUCYHKaX JIAI0TCS TOJIBKO Ha PYCCKOM si3bIke. Bee ycoBHbIe 3Haky 0003Ha4aoTcs Hudpamu (KypcuBom) ¢ 00s3aTesb-
HOU pacmu(ppoBKOil B IOJPUCYHOUHBIX MOAIHMCSX, I7Ie OHH TakKe 0003HaYaroTcst KypcuBoM. L{ipbl MOXKHO CTaBUTH
1 Ha IMHKAX rpadukoB. Ha rpadukax Bee mKaibl 00513aTenbHO HOANMCHIBAIOTCS M YKA3bIBACTCS PA3MEPHOCTh BETHYHH.

Tabnuupl. [{ns Oonbmux TabMHI[ CIEAYET UCHOIB30BaTh AbOOMHYIO Pa3METKy CTpaHHULbL. TaOmuipl 1 rpadbt
B HUX JIOJDKHBI IMETh 3aTOJIOBKH, COKPAIIEHNUS CJIOB B TA0IMIaX He JOMycKaroTcs. Tabmuisl HabuparoTces, Kak U TEKCT,
B (popmare Word mpudrom 9 nt. Ilpumedanns BHyTpr Tabnuubl He Jatotcs. Mcronb3yoTcst CHOCKH KO Beeil Tabnuie
WU OTZAEIBHBIM €€ TI0Ka3aTeIsIM.

B TekcTe cnefyeT 1aBaTh CCHUIKH Ha BCE PUCYHKH M TaOmumpl. [Ipu mepBoii ccbinke — puc. 1, Tabmn. 1; mpu mo-
BTOPHBIX — CM. puc. 1, cM. Tabn. 1. Eciiu B Tekcte naercs oHa TaOJIMua WIM OJUH PUCYHOK, TO CCBHUIKH B TEKCTE
TIPUBOJATCS CIELYIOIMM 00pa3oM: TpH IepBOH cchuike — (Tabmuua), (PUCYHOK); TIPU MOBTOPHOU CCBUIKE — (CM.
Tabnuiy), (CM. PHCYHOK).

Maremarndeckue 0003HaYCHHs, CHMBOJIBI U IPOCTbIe GOPMYIIbl HAOMPAIOTCSI OCHOBHBIM IIPH(TOM CTaThH,
cnoxHsie popmyisl — B mporpamme MathType (umu B Bepcusix Word o 2007 roga BrirountensHo). Hymepyrorest
TOJBKO Te (JOPMyIIBI, Ha KOTOPBIE €CTh CCBUIKH B TeKcTe. Pycckue i rpedeckue OyKBBI B QOpMyIIax U TEKCTE, a TAKKE
XUMHYECKUE IEMEHTBI HAOMPAIOTCS MPSIMBIM IIPU(TOM, JaTHHCKHE OyKBBI — KypcUBOM. AOOpEBHATYpHI B TEKCTE,
KpoMe OOIICHPUHSTHIX, HE JOIYCKAIOTCSL.

B cnucke nurepatypsl (ox 3aronoBkoM « CIUCOK TUTEPaTyphh») CCHUIKH Ha TUTEpaTypy HyMepyIoTcs OCIeNn0Ba-
TENBHO, B COOTBETCTBUH C IOPSIIKOM HX NIEPBOTO YIOMUHAHUS B TeKCTe. [IpHBOIATCS TONBKO OITyOIMKOBAaHHbBIE PAOOTEL.
CCBUIKH 110 TEKCTY JAIOTCS B KBAJPATHBIX CKOOKAaX Ha HOMepa CIHMCKa, 4epe3 3amaTyto ¢ npobdenom: [1, 7, 23-27].
Crarbsl JOIDKHA COAEPKATh CCBUIKH Ha Bce paboThI, IPHBEICHHBIC B CIIMCKe ITHTepaTyphl. ObpalaeM BHUMAHHE Ha
HEJIONMYCTUMOCTD BKJIIOUEHHS B CIIMCOK JIMTEPATYPhI M3/1aHUH, BeIMyeHHbIX 6€3 ISSN- mnn ISBN-koz10B (31HM yacTo
rpemar cOOPHUKH MaTepUanoB KOH(PepeHIUH (Te3HChl MM TOKIAAbI)).

Jlanee npunaraercst BTOpoi crmcok nmteparypsl (References). B ciucke Ha naTuHHIE CTPOTO COXPAHSIOTCS T€
K€ MOCIIeI0BATENBHOCTD U HyMEPALHsl HCTOYHUKOB, YTO U B «TPAAHLIMOHHOMY ciiucke. CChUIKM Ha HHOCTPaHHBIE HC-
TOYHUKYU IPUBOIATCS B 000UX CIUCKAX JTHTEPATYPhL.

Cratbu, He COOTBETCTBYIOIINE YKa3aHHBIM TPeOOBAHUIM, paccMaTpuBaThest He OynyT. [Ipu paboTe HaJi pyKOMICEHIO
PeaKIKs [0 COIIACOBAHMIO C aBTOPOM BIIPABE €€ COKPATHTh. ABTOD, IIOINCHIBAS CTATBIO U HANPABIIAS €€ B PEIAKIIMIO,
TEM CaMbIM Mepe/IacT aBTOPCKHUE IPaBa Ha H3AaHKe 3TOH cTaThi sKypHany «[Ipobnemsr ApKTHKH U AHTapKTHKH/ Arctic
and Antarctic Researchy.

Penakuys H3BemaeT aBTOPOB O BO3MOXKHOI BEIOOPOYHON MPOBEPKE MPHCIAHHBIX TSl yOIUKaLUK cTareil B cH-
cTeMe «AHTHILIATHaT.

PeakuioHHast KOJUIETHS HE BCTYNAET B JUCKYCCHHU C aBTOPAMH 110 II0BOAY IPUHIMAEMBIX €10 PEIIeHHUH.

bonee nonusle cBeeHNs 10 OQOPMIICHHIO CTATHU MPHUBEICHBI B TOKYMeHTe « TpeOGoBaHust K 0OPMIICHHIO CTaTel,
MPUCBUTAEMBIX B XKypHaT [IpobiaeMbr ApkTrky U AHTapKTHKIY. OH pa3MelleH CTpaHHIe KypHaia mo aapecy: http:/
www.aari.ru/misc/publicat/req_pub_aanii_.pdf u o6s3aTenen 1t 03HAKOMICHHS IIPH IOATOTOBKE MaTEPUAIIOB CTATHH.
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